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MULTI CHANNEL 
RADIO CONTROL 


Multi chanee’ comtrol @ probabep wher 
most radia ¢oateol anchesiagsns seek, 
eventually to achieve. Burt all fos often, 
intreduction £5 this mare advanced 
stage of the radio contral hobSy ia 
fraught with problema broegit abou by 
theer lack of Knowlodge of the subject 
it is for this reuom, to help the 
begimner over hia problems, thar MLILTI 
CHANNEL RADIO CONTROL baa been 
Introduced, 

Here the beginner will find axpiained. 
in simple terme the warking of mult 
channel equipment which so often in a 
erential barrier and can itive lead to 

Todap. people are regularly @ncering 
the radio contre! hebby without previous 
medelling Experience. ioe peati age, 
these newtoemera would have begur 
chair radia control career wrth aeghe 
chanmel equipment, but today It is mot 
at all @nceemen for a newcomer 1 
begir. consral activites wich multi 
chaene!l equipment. For thes people 
eigecially, there are mo shart ceri to 
multi chanmel wuccess, wed for these or, 
any baginner, MULT! CHAMNEL B.ADKO 
CONTROL tt an indispensable releronce 
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| INTRODUCTION 
Atost modellers, through sheer mecessity, start with single 
channel radio contre) because it is so much lesa expensive than 
"multi", Hewever, there really no comparison im valscs, 
Mlulo-channel control offers 30 much more, cepecially for air- 
crag, that bt i an eseentie! choice for the series modeller, Tt as 
expensive—probably more oo than the average modeller can 
afford—bur it offers so much more in contral and scope. Until 
anyore has fown ‘maln", in fact, they have oot really started to 
experience what proper radio control is; and how et 
reliable radio contral fring can be with good equi 

There are no short cuts to sioces—or cost. For a complete 
control of an arrcraft you peed at least caght-channel equip- 
ment, and preferably an extra tw channels for clevator trim. 
That is going to mean an investment of around £60 to £100 or 
more for first class equipment. It is a lot of money to pay for a 
bobby interest, but it will be worth it in the long run if you are 
A Serics acromodedler. [eis rather ke the difference hetween 
owning a bicycle and owning a car—and there is just about the 
sae PE difference in performance between single-channel und 
mulnh'. 

Muny people graduate into ‘multi’ from single-channel 
fying, but this is not necessary, The complete beginner cain 
start With ‘multi* and make a swocess of it. In fact, he woukd be 
better off learning to operate radio controlled models this way. 
All the practic guidana: needed to understand and apply 
Tula’ i given in this book, The rest is mainly a matter of 
Practice andl experience which can only be gained by using 
radio comind oquineent, 
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CHAPTER 1 


The remote control of model aircralt 
by radio link dates beck to the mid 
1930s when the first serious ation pts 
to develop working equipment were 
Made it the United States. A macio 
coniral event was introduced for the 
first time im the 1934 American 
Nationals, siae when it hos remained 
an annul affair (with the exception of 
break during the war years). Limle or 
no development tome place in this 
COuMtry Until the immediate post-war 
years, but by 1946 the first Brinish- 
fiakhe eqpuipment was pur ot the market 
and by 149 radio contro] was inere- 
duced 2s a standard event in the British 
Nationals 


The carlicst equipment was based 
on single channel signalling but extrac- 
ng VENOUS separate duties or servioss 
at the receiver end by mean of in- 
genious designs of actuators. That is 
fo say the basic signal avilable wes, 
simply, “on-olf* switching, burt by 
adapting this to operate a variety of 
TOreMmcnts in sequence in the actu- 
ator, more than one control could be 
opersicd, ‘This is still the bak of 
aiinple single channel radio control, 
USL con pound actuators, 

There is, however, a definite limit 
to the amount of ‘com i” or 
sequence operation whach 1 it is practical 
to utilise, especially with model air- 
craft. Basically, in fact, simple single 
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cqinnel signalling is difficult to operate 
O86 @ Peative and continues method 
of comtrel applied to more than one 
control (usually rudder), plus one 
other essentially non-critical control 
ee engine ‘speed). Even this has 
imitations, for an particular control 
can only be cdpnalled In. sequence. ‘To 
Fepeat a specific comma) signal the 
compete cyele of contral signals rratrst 
be sagnalled through, however bricdly. 

Multi-channel radio comeral over: 
comes this inherent limitation by pro- 
viding direct signalling of a particular 
comtrml, For example, in the case of a 
rudder control, a multi-channel trans- 
mutter-receiver combination provides 
@ means of directly signalling «ther 
right ar left rudder, simply by move- 
ment of a switch in the appropriare 
direcuions. With single-channel signal- 
ling, even using a selective type 
actwater which ‘analyses’ the control 
tignals, only one control position can 
be selected directly, The other rust i 
selected indirectly by skipp 
actuator through a cba de 
Mauln-channel signalling, therefore, is 
both mone direct and faster than the 
single-channel system, which meats 
that control is more posiye. 

A line thought will show that any 
itempt to ‘compound’ a omit). 
Channel signal will result in a boss of 
ims advantages, Thos to take full 





odvantage of multi-channel commol a 
Leparatc channel is required for cach 
and every contral movement required 
This rudder cootrol requirs two 
channel: elevator control would re- 
quire two additional channels; aileron 
control a further two channels; anc si 
(Pah, 

This raises another extremely 
auriificant point, For complete control 
of a model aircraft cootral is wanted on 
rikdider, aiberons, elevators and mentor 
ameed. “Thus tho demands 4-channe] 
equipment. Anything fess than this 
grres less than complete and positive 
commral. In fact it is desirable to go to 
two extra channels for a separate trim 
eonmol, The equipment is, therefore, 
cansiderably more elaborate, and ex- 
pensive, than singie-channel radio for 
each control operated requires its own 
stparate actuator aé well a a more 

complicated receiver design to separate 
the individual control signals. 

However, coplee control mca 
that the mode] can be own under 
come! cil fhe tine, opening up far 
freaier seope in both model design anc 
Performance. Single-channel consol 
relies on the model doin being 
basically stable in Aight so that in wall 
rttum to its mormal flying attitude 
after bemg displaced by a control 
movement, Thus, models which are 
not stable enough for successful single- 
Channel control, such os low-wing 
Scale puodels, can be fown successfully 
with multi-channel! control, Also, 
Mihels can be specifically designed for 
a highly acrobatic performance using 
muln-channel coptrol, when they 
would be quite unsuited for single 
channel control because of their lack 
Of inherent stabiliry. On the other hand 
models designed for singke-channel 
otto! can*be flown even morc 
Sadly and better with multi-channel 
Tonines, althoweh they may lack some 
of the manceuvrability of the special- 
ised ‘multi’ designs. 
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Slult-channe! radio, in other words, 
offers far mare scope than any single- 
channel eyepem. Teale baile es 
to be fown successfully, and safely, 
under conditions which are “impos- 
sible’ for single-channel fying. It is the 
onfy method for the serious radio 
control modeller, particularly as the 
best commercal equipment of this 
type kas been developed to a high 
degree of perfection and & virtually 
tovble-free mm operation. 

Im chief drawback is that oyvulti- 
channel equipment is much more 
excsiaion than single-channel control 
BYEtEMs, With cost imecressing propor- 
benately wath the number af chanels, 
£0 to £100 represents a typical cost 
for a [O-channe) transmutter-recesver 
combinanon, to which myust be added 
the cost of ectuators (one per contre 
to be operanad’ which may be from {4 
to f10 each, depending on the type of 
receiver wed. Some saving is possible 
buikting the tanuminer and receiver 
trom kits, but the overall cost will still 
be wery much higher than sinmpebe- 
channel, For the scope it offers, and 
the realisation of proper radio eoutral 
rather than a compromise, the differ- 
ence im cost 1 more than worth it, 
There is also the possibility of 
epreading the cost by building up from 
2- to 4+-channels, and so on. Even 
e-channel equipment, operating only 
a fudder contrel, will be found much 
more satisfactory to operate than « 
mariial simebe-channel sratert. 

The basic working of multi-channel 
radio is normally dependent on tone 
signalling, A simple transmitter radi- 
ates a curmer wave of pre-determuned 
ineguency on being switched on, 
which wave or signal is capable of 
beine detected by a suitable receiver 
fined to the same frequency. There 
are certain advantages, even for single- 
channel stgnalling, in siperimposinr a 
lower frequency signal or “tone” on the 
carter wave ao thet the tramamiter 
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Output is in the form of a modulated 
comer wave—Fig, |. Most model 
radio contrel tone {THOSMOEtteTs ALIN AL 
achieving LOO), mochulaticn, 

The possability now arises of super- 
Imipodine different “tone” synals on the 
basic carrier, cach separately selected 
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by a contrel switch, Each tone will 
modulate the carrier in a different 
Ratner, $0 that cach tone becomes in 
effect a separate signal although still 
transcutted at the same frequency (i.e. 
the carrier frequency). ‘This is virtually 
the sume principle as normal domestic 
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racic brosdcasting where the receiver 
i; tuned in to the station (carrier) 
frequency and sccepts and extracts the 
individual tases from the potee-oeodw- 
lated signal to put out as speech or 
mise through the lowdspeaker. 

For comma! signalling purposes, the 
circuitry can be simplified since it only 
becomes necessary for the receiver to 
extract & limited number of individual 
rones fone tone coréipending to one 
channel) and produce a switching 
PoSponse for each tone. Che signalling 
of a particular tone (superimposed on 
the carrer te modulate the transmitter 
signal in @ peculiar to thas 
hone) must result in an ‘an’ switching 
action in the receqver otput coonec- 
ng to a particular actuator. Release of 
nigmal then switches the actuator “off", 
le does mot mantcr whether the com- 
bined signal [carrier plus tone) & 
ewitched on and off for signalling of 
net the tone with the carrier normally 
on all the time. The receiver does not 
respond to the earnicr signal, only to 
the superimposing of the tane on the 
carer to produce a modulated signal. 
sOrmally, too, the individual tones 
Will be signalled at separate tics, 
although previon oury be mabe for 
HMUncows reception of more than 


Fig. 3 
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one tone to signal and operam more 
[han ome control sapnal at the same 
ome. There are, however, Genitations 
to the degree of “simultancous’ opera- 
ton which can be achieved without 
running Into Unnecessary, Of wp- 
desirable, complications im the trans- 
Mitter circuitry and interaction at the 
neceiver end. In normal practice 
RIMUIAneoS operation i limited to 
any two or ten “banks’ of four or five 
pomes, in 8- or M-channel transmitters, 
respectively—see Pig. 2. Orher 
desagns, normally ased with filter-type 
reaccvers, may achieve tiple-aimul- 
taneous operation in threr groups. 
Conventional multi-channel 
rescvers employ one of two basic 
methods of tone ‘identitcatien’ of 
translatheis—a reed relay with in- 
dividual reeds tuned to specific tones 
Fig. 3; or electrons filter corcuits to 
pass a particular tone and block all 
others. Details of the operation of both 
tps are piven in Chapter 3. Both 
have an identical function in pro- 
viding an ‘on-off” swinching action 
contratied by each tone, The response, 
as converted int mechanical energy 
gutpot by the actuator ft move a 
contral is simple ‘on", corresponding 
to movement in a particular direction ; 
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or “oH”, when the actuater ether 
PCWP: atomically to its neutral 
Poution of steps where it is until 
maved by the next signal, The former 
(seli-newrraliging) action would be 
uted on fying contrals—rudder, ele- 
vanor, aleroant—and the mon-neutra- 
lising action on trim commok, sich os 
elevator trim of engine thromic, A 

non- neutralising action & normally 
referred to as ‘progressive’ since the 
contral moved by the actuator can be 
tached or ‘progressed’ in either dinec- 

chon at wall using two channels (ome for 
movement in cach direction), depend- 
ing on the duration of the signal. 

Each actuator, of mul séryo as it is 
isally culled, is switched by two 
channels, ane switching movement 
(one channel) ) commolling mearement in 
one dinection wp toa maximum where 
it sutomatically stops; and the other 
channel movement in the opposite 
direction to ims maxpnom. Used for 
contral operaion with scl{-neurraliaing 
action with oo wpnal the control 
movement & cither to full positon and 
atop there with o signal beld on; of 
neutral with ma signal. 

‘This is referred to 25 a "bang-bene’ 
comin mavement since the contra 
Poston is either full on of seutral, 
depending on whether the signal is on 
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or Off It is oot possible to hold an 
intermediate control position, with 


scl{-neutralming action. The effect of 


af intermediate control postion can 
be achieved only by “blipping’ full 
control on and eff so that, effectively, 
the model 16 over-comtrolled, the 
control then released, and so on, This 
reauits in a ‘stepped rather than a 
smoath response, ax shown in Fig. 4 in 
somewhat exaggerated form where 
elevator control is blipped to hold a 
Mocherate le of cheb (full elevator 
power would result in the model being 
Pulled wp into & Jeep), 

Whilst this is @ limitation of all 
"bang-bang’ oootrals it is not a serious 
one and 1s a small price to pay for the 
relative simplicity of the system while: 
retaining positive self-neutralising 
ection, ‘ith skilled ‘blipping" the 
‘Steppiness’ can be reduced to 
iho, whilst tim costrals enable 
it te be eliminated entirely on certain 
manceuvres. [hus elevator trim con- 
to would enable a smooth flight pach 
to be timumed out for climb or inverted 
flighe without reverting to blipping of 
the main elevator control, With con- 
aiderable practice, ‘blipping’ may be 
dene so skilfully that the control 
wurtece actually floam about some 
intermediate posation, it not having 
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had time to return to neutral before 
signalled ‘on” agai by the next blip, 


and ao om. Thus a very pood degree of 
crmnativiess cam be achieved, although 


stil! not comparable to the standard of 
comiral poss) bbe with tres proportional 
eoirogs, 

A “orogressive” control cannot bes 
wed for the main controls since in 
interinediate pPosrions are unknaen 
from the ground | non and can only 
be extimaned by its effect an the meee. 
For this reason a trim contre] can only 
be wed on small movemens and 
capable of being over-ridden by a main 
comtral so thet the mam costrol co 
always take charge, if mecessary. 
Despre the tact that tf may apper 
feaable, i is aor possible po emaictain 
contrd of a model in fight with ‘pro- 
ereisive acon on the main comtirol 
surfaces, Unless they can be strictly 
and postncely related ve a corcrespond- 
Ing ground control movement, such as 
a aotral anck, In other words, 
movement of the commrol stick pro- 
duces. a comesponding positional de- 
fection of the control surface which 
may be continually adjusted, a3 neces 
sary, Via the control ack, as in a full 
size mincratt, Thies is the bass of pro 
portional control systems which 
invanye a considerable greater com- 
Plexiry on both recsvrer and tran- 
Initter CINcWiIry, aid a special design 
of actuator to incorporate ‘feed back"— 
see (chapter 5, 

Fully successful proportional con- 
trol systems of this type, with the 
coverage atfered by conventional 
‘bang-bang’ multi, are a comparatively 
recent development and cost, roughly, 
Twice as much as a 10-channel con- 
verted! “mialti' ostallatian, bey 
Wold appear te reprcsent the ultimane 
development of model radio- 
control syst as providing full 


control with complete smoothness of 


Operation since any degree of control 
displacement can be selected and held 
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by appropriate (proportiogate) merc- 
ment of a contre sock, They will mos 
necnaaniy replace ‘bang-bang’ multi, 
howerer, for they moed mone akill and 
Practice to master, wheress flying with 
"bae-bae” mule can be learnt quite 
readily. Also the cost of such sysncens 
Mit bevitebly remain higher than 
conventional “mualti". Their main eld 
of application would appear to be for 
competition flying, where smoothness 
of control i a particular asset, or for 
the seme facho control enthosiast 
concerned with operating the moat 
comprehensive type of control system 
and capable of affording the extra 


cnttial cost, 
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REQUIREMENTS 


A fieence to required for she 
operation of amy radio cantral 
equrorens ot Ay coinry, tihenher 
aconily asd mo a model or mor, 
Thus coms £1 to cower a period af 
jie pear No tee ! cxompne- 
hom ne regired fe obi at licence, 
fr is aly teicesry to cere for on 
gopticoon for fo fie PO. arid 
rerurn firs completed form, The 
address for fceace forme (and for 
renuraig compilers! forms) te: 


Radio Branch 

Radio and Accommeadations 
Dept. 

G.P.O. Headquarters 

London, E.C.1, 
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CHAPTER 2 


The sieuplest practical form of trans 
Gutter for generating a ‘carrier’ ware 
is based around @ single valve for 
transistor) oscillator circuit. Such a 
circuit does, however, tend to be some- 
whet critical in operating and two 
stages are to be preferred—an oacil- 
lator feeding ite REF {ractin 
frequency) amplifer and thence to the 
acrigh “This combination, comprising 
a Master Oscillator and Power Ampli- 
fler is generally referred to os a MOP A 
type. In a valve traneminter the peo 
valve elements (oscillator and ampli- 
fer) may be conmined within a single 
envelope, so that physically, ar least, 
both the MOPA ond the simple 
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Fig. 5 
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cicilator transmitter may employ 
only one valve, The MOPA type is, 
howerer, almost invatiably preferred 
for tone transmitters since it is much 
more easily modulated by the tone 
generated by. a further valve for 
Irainsistor circuit) applied to the RE 
amMiticr stagc—Fig. 5. 

The power of radio control trans- 
mutters is limited to a maximum of 
[} watts output under G.P.O. regula- 
tons. ‘The actual efficseency of a trans- 
mutter can vary widely, depending 
primarily on the circuit design and 
may be as low ae 10"! although higher 
figures are obtainable. The most 
direct method of ensuring high output 
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rate . a “Poh” for na fenting ce 
reagan a the done eigeede ore of bop a 
Aerts idealibeation of ecertee! fuocliade an inéri- 


power 18, therefore, to gse a high mput 
power when, for example, 5 was 
input showkd ensure an MupPut power 
at af least 4 wart. However this means 
using & large transminmer battery or 
parwer pack with heavy current dram, 
Which may be suitable for proond- 
ianhing transmitters but is not deser- 
able or even precueal with hand-held 
iTansmutters where battery size has to 
be reduced to a minimum, This a 
power input of | to 2 watts is more 
US], Of cotasenmbiy les in many 
cases (c.g. all-transigtor tranamitrers), 
De telatively low output power 
availabe then needs a really efficecnt 
atrial system, unless range 18 to softer. 

Aerial coupling in particular tends 
1 Become a critical feature of the 
aerial degen, particularly as telescopec 
acrials (virtually standard fitting on 
lnd-held transmitters) tend to be 
relatively inefficient and are invariably 
shorter than the ‘opeimuam' length. A 
‘full wave" aerial lengih, for example 
Would be abou 34 feer long for the 
mot hcent transmmsion of a 27 
megacyor: signal, The older type of 
Bround-sanding transmitters $morm- 
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ally wed a quarter-wave acral {opt- 
mum beng & ft. 7 in). Hand-held 
Tminters nommaly employ a tele 
soopec aenal extending to abour 44 ct, 
long, although some are shorter. 
Reducing the aerial length will, 
mortally, have the effect of mdocing 
output signal strength and thes range. 
Where input power is low to start with, 
and thus output power proportionately 
rery much lower aul, aereal effickency 
may be increased by fitting a centre 
Inading coil te the aerial. ‘This has the 
eflect of increasing the “working 
length of the serial and thus improving 
the overall ecfliciency of the trans- 
Miter to compensate for low input 
power. All-transistor transmitters, 
where input power is kew to start with, 
commenht employ a centre loaded 
acrial, 
Range is largely on orbitury (acter 
since it is dependent specifically on a 
articular transmutter-recesver ciott- 
ination. This with a particular 
tranamitter, recerver ‘A' may respond 
estisfactorily up to 8 range of, say, 
B00 wo, and receiver “E* only to 200 yd. 
The ‘range’ of the transminer is the 
same im both cases, but the appareni 
range 6 BOO yd. with one combination 
and 200 wel, with the other—Pig. 6, 
Range is also affected by operating 
combitsons. With model aircraft con- 








14 MULTI CHANNEL RADIO CONTROL 


rans 0 a0 or 









Tae doo fa ac 





nl ai | 1 


‘tid STG TY 





ral 









Fig. 6 
ris @ mimumum range of 800 ta 
L000 wel is desirable. With model boat 
controls a range of less than 100 dL 
may well suifice, depending on the size 
of the pond, Alenettective range wall be 
higher between a ground station (i.e. 
the transmitter) afd a mode) oircraft 
af height than with the same combina- 
mon checked out ground-to-ground. 
(rround-to-air range may, in tect, be 
anything wp to three tenes ground-to- 
round range under typical conmditnons, 

Since actual working is affected by 
the receiver design, working with any 
given transmitter, it also follows Lat 
the eepe of moceiver is likely te affect 
the munge achieved, Receivers which 
wirtk in ‘nene" sagtals are, in general, 
capable of responding at lower signal 
etrengtins than receivers designed only 
for carrier ware reception, hence they 
ore more sustable for use with lower 
powers transmitters. Equally, tone 
operation mm more suited for light- 
Weight transmimer deans where mini- 
mii wize batteries can be used with 
only moder current droins and 
relatively low power oUtputs. Superhet 
ToCaiIVerSs aft even better in this 
respect becouss of their ecxireme 
sclocnvity. 

Satistactory performance also de- 

on the recerver being tuned ta 

the transmitter to receive main 
sireal strength, amd staying “in tune’, 
With simple transmitter arcaits, haw- 
ever, there may be a tendency for the 
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frequency to drift, which puts the 


receiver out of tune with loss of signal 
strength and comewponding reduction 
in cfective range. 

Frequency dnft can virtually be 
chimdnated om transmitters by employ- 
ing crystal control, A crystal is simply 
an EEF component which has ao 


natural frequency af operation. If 


Incorporated in the cscallater circuit ar 
Outport ot will allow that arant to 
oscillate only at a predetermined 
frequency, thos the sage (currier) 
frequency always remains ‘spor an’, 
within the limits of the peaking 
characteristics of the crystal. 

To control the frequency of the RF 
oecillarcr direct, the crystal cmvinst 
ether have the required frequency of 
a suitable sub-harmonic (usually a 
thind overtone of ome-third of the 
frequency required). It can then be 
coupled inte the corcuit os shown in 
Fig. 7. Alternatively a sub-harmonic 
crystal with one-half of the required 
frequency may be used with ‘fre- 
quency doubling’ applied in the 
transmutter cirewit. Dhis can be dane 
in the anode creuwit of the oscillator 
stipe and then fed to a 27 megacyele 
power amplifier: or the qutpot of the 
aecilator stage made 27/2- 135 
megacycles to dove a frequency 
doubler in the power amplifier stagc— 
aoe Pig. 7. 

Strictly speaking, crystal control af 
the transmitter is OO Adtdtesry for 
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satisiactory operation with siuper- 
regeeratiye 


receivers since the 
rung af such recervers js invarsably 
broad in any cise. Crystal control &, 
however, & legal requirement of radio 
comtrol transmitters in certaiti 
countries (2g. America and Germany) 
ta ensure that the transmitter cannot 
crift off the permitted operating 
frequacicy range. Because it hos fot 
been obhgatory in this counery British 
transmutters have mot adopted crystal 
commrel as standard (mainly because 
manubectirers can produce # cheaper 
tramminer by eliminating this tela- 
tively expensive single component), 
although it i almost invarably em- 
plored with a ‘malti" [tranemitter, 
When used with a saperbet peccaver, 
a crystal controlled tranamimer is 
comiittal for satisfactory operation as 
tuning must be exact and say exact 

The conventional mualti-channel 
transmitter must be 9 ‘tone’ tranm- 
mutter but, basically, differs from a 
singhe-channel tone transnutter in 
thet the aucho frequency (AF) circuit 
i designed to provide a number of 
different tone, any one of which can 
be fed ito the Basic circuit at will to 
modulate the RP sagnal accordingly— 
Fre. 8, When simoltanoous operaton 
is Tequired, two (or more) separate 
bith penerators are required, when a 


tone fom each can be fed simul- 
rancously into the basic circuit. 
SIMTWInINeos. operation m normally 
réstricted to 8+, li of 12-channel 
transmitters, offering simultaneous 
opermon on two stlected ‘hanks’ of 
controls via. two separate tone pener- 

Undoubtedly the most successful 
af the conventional valve transmitter 
circuits developed for ‘mul’ opera- 
ton are those by Robert Dunham 
(U.S.A. and marketed under the 
name. “Orbit’, A m ciablishing 
afi extremely reputation for 
reliability fram _ ume they frst 
ap el they have formed the bests 
for comparison or development af 
simular circuits by other manufacturers 
and designers, their only practical 
houtation as sich being a com- 
paratively high current dein on the 
peo 67-3 volt high tension batteries 
employed (195 vole hie 

Circuits of the Orbit 4 and Orbit 10 
( sterstaleameciss } are shown m Tig. fe 
and 4, respectively. The 4-chansel 
multi transmitter circuit (Fig. 8) is 
virtually identical to thar of @ single- 
channel tone transmitter with the 
gdiditian ef four demenmry “toed" 
circuits controlling ‘the individual 
tones generated by the AP oscillator, 
Each of these ‘tuned’ circuits com- 
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prises a ‘triable resistor (potcneio- For simuiiancow: operation two 
meter) allied t a fixed capacitor, separate tone generators are employed, pe AS 
a= 


i 
l 
L 
f 
| 


‘awitched into the circuit by manipula- cach ‘tunable’ via three, four, five or 


Hen of the appropriate key (each key six separate potentiometer controls. (Qe 2 2 oot 


being linked to another switch which Any one of these four, five or six tones td i pn 

then applica the generated tone to the can be applied to modulate the RF gre | | ere | | LEO 
RF oscillator to produce modulation), outpar signal simultaneously with any | t--s = | Me a oll CF 

The actual tone generated is adjuet- one tone from the second AP oscillator, - ore , ere i 

ubbe, by means of the variable TeSISstor, Thus the earoit prarides double- Fig. 9 AbD COWS BIO OasH LINE FOR fiiMee Re OF CHARA LS 


M88 fo match to receiver require- 
ments, JRF frequency, on the other 
hand, is fixed and stabilised by the 
crystal, [he necessity for variable 
Ting om the tome circuits will be 
made clear in the following chapter 
dealing with receivers. 
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SITniGNeus operon, if required, 
Simultaneous operation is not neces- 
sary With wp to four channels, hence a 
simpler circuit can be employed. Six 
Channel mon-sitmultanceus operation 
could be incorporated of a samilar 
circuit merely by the addition of two 


a “Fig. 8 
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more “tone tuning’ § potentiometer- 
CAPA CHLOE comitinatons. With six (or 
ee channels, however, there are 
crc advantages in 
the individual ie ies fk arcu 
via scparate AP oscillators, and oper- 
ating ad Vanitages i having simul- 
Laneods operation of controls ayail- 
able. At this stage, therefore, ovulei 
trinsmiutters tend t become more 
complicated and expensive. 

The method of individual ‘tone 
hung Vie @ variable resastor-capacitor 
coma boraLion switched by the appro- 
priate ‘tone’ key is aleoost universal on 
conventional ‘multi’ transmitters, 
However, purely resistive tome tuning 
can be used and is @ feature of the 
Brinsh (154) Remcon design. This 
1s claimed to have certain advantages, 
notably in the simplicity of arriving at 
Fuitable component values for the 
individial “tuned” circuits. In this 
particular case, however, the Riemoon 
if desagmed primarily for home con- 
SEruction tram kits, On a commercial 
production basis there & virtually 
nothing to choose between ncaive- 
capacity mining and purely resistive 
Cinringe, 

Valve transmitters of the “Orhit" 
type, with good design and construc- 





tion, aod proper selection of coen- 
ponents, are extremely reliable with a 
Power OUlput giving adequate range 
matched to a sultible receryer, Their 
only real disadvantages are that they 
ire comparatively beavy and bulky 
for a hand held ingtrument (eg. 
typical vee about 5S fb. and size 
OL in. * 7 om * 3h in); and current 
drain is fairly high, calling for fre- 
quent Teplacement o of quite | expensive 
batteries. Thus although reliable 
enough there hat been a marked trend 
towards the adoption of the all- 
(TEnSisbor Trinanifter as a “standard, 
where smaller, fighter and less expen- 
sive batters can be employed and 
current drain is reduced ta proportions 
Where battery life is extremely leuragr. 
At the same time, of course, transistor 
Circuitry Penis € Mote compact 
assembly, reducing weight to about 
“i Ib. and sine to about # in. = 44) in. 

2} in. 

An important feature with all- 
(raieistor transmitters is the stabdliry 
of the circwit over the full range of 





1 
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likely operating comdiitons, Tran- 
sistors are bedt-sensitive devices, 
affected by changes in ambient tem- 
perature amd by heating efiects of the 
current passed through them. Le is 
therefore necessary to make provision 
in the deseen of the corctist to stabilise 
the working characteristics of the 
Tissier’ oer o normal ambsent 
temperature range of about 20°F to 
ahamt 20. It poseable: that the 
latter teeyperamire may be exceeded 
imide the case of the transmitter 
exposed to hoe sunlight and the 
stability and performance of some 
oll-tratsistor transmitters may be 
efected by extremes af temperapure. 
‘dest modem crows sre suitably 
lemperaturecompcnisaicd, bur the fact 
recmins that continual cxpOstre 0 
direct beat of the sun on a very hot day 
Ehowld always be avoided with any 
electronic apparatus incorporating 
Lars stors, 


The proportionately lower ourput 
power ootmally realsed with all- 
Cransistor (ramimiltcrs may or may oot 
be compensated for by using @ centre 
lomded aerial, On tppdcul “Brrtish* amd 
‘American’ all-transestor “multi” trans- 
mutters a centre boaded merial bas 
become virtually a standard. On 
Lomtinental trniseurters this has not 
been so, but the lamer are usually 
designed to operat with a different 
type of receiver, «g, tuned filer 
corcuits instead af a teed relay, which 
require jess receiver ‘power’, ‘Thus the 
receiver CBN operate successfully on 
Weaker sirival strengths, A cuperbiet 
receiver will also opera on lower 
egal streneths, Thus with reed 
recdvens wed with all-transiter trans 





mitters, a superhet wall normally give 
betier range than @ super-regen re- 
cerver, although range may be qurte 
adequate with the lacter for successful 
Opernixm, [he type af transmitter 
decd is ichentical in both casea—ie. the 
mame transcutter can operate either o 
SPS repent of suiperhet reouver, any 
mn the latter case the ‘spot’ frequency, 
a8 determined by the al ae agree 
with the crystal value used im a 
matching superbet receiver. In prac 
hice, ths means that transmitter and 
superiet reaver are specafically re- 
lated by means of a metched pair of 
crystals, the transendtter crystal corres- 
ponding to one of the selected spot 
frequencies for superhet operation and 
the receiver crystal frequency difteri 
(normally lower in Rachie ) by ie 
IF of the superhet arowiit—see also 
(Chapter 3, 


The maporicy of conventional ‘oinales' 
fransoutters follow o more o¢ les 
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standard layout of the controls, the 
Vers tones being “keyed” by opera- 
bon of a two position self-centring 
on melease Jever switch, with the 
Cirection M4 MOVEMenE codistent with 
a matural directon—eg. side to side 
for rudder contral, op and down for 
elevators, ete, The contrel switches 
are also positioned for easy and 


natural operation by the thumbs of 


each band, both hands at the same 


Fig. 1 


C- Chia Ae ef 





Tine grasping the tranamulier case. 
Rudder and aleron controls are then 
normally operated by the teht hand 
(thumb); aod elevator, engine speed 
and elevator trim by the left hand 
(thumb—see Fig. 11, 


This arrangement is by no means 
haed, however, although the octal 
portion of individual switches is 
usually simular om different makes of 
frammutiers. A nominally allocuted 
switch can readily be made to operate 
o difterent service, amply by tuning 
the corresponding potentiemeter con- 
trol to operate a different pair of reeds, 
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or merely allocating the reeds tm 
comin daflerent senvices—iece Chapter 
1, The lamer method would be more 
usial, if @ change o required, since the 
pining range of the individual porns 
mcters i wsually limited. 

Tt 2, hewever, important that once 
having adopted a particular allocation 
of comimal switches this should be 
adivered to if the transmitter is weed 
with amether receiver; of another 
transmitter is employed. Manipulanion 
of the mght switches becomes in- 
since with practice and if the duty 
allocation 6 altered, a certain amount 
of ‘re-lemrming 1s needed, otherwhe 
omc i likely to select the wrong 
control during moment of suf 
mua bic reaction. 

On other types of multi trans 
mtters pars oF two postion switches 
may be replaced by a@ four-posinon 
eeli-centhing om release switch. Tha 
then becomes, it effect, a miniature 
control column with a natural and 
logical gilecation of duties, With 
more than four channels two sich 
bar peste witches may be eg- 
plowed; ar just one four-position 
watch ar contral column for rudder 
(or ailerods) andl elevator and the 
other services selected or operaned by 
[Apion of one-way saiiches ach 
#8 a Pushbutton), as appropriate, 

All contreal switches represent 4g 
vital part of the fienctioning of the 
transmitter acl nerd periodic in- 
SROction to emgune thar contacts are 
Clean andl undamaged and thar the 
switch action remains «amooth and 
easy, Same switches are yery much 
better than others in this respect, with 
a PoMtive movement easily applied 
and felt end a reasonably strong and 
equally postive retum to neutral 
when pressure is released. A switch 
with a dubious or awkward action, of 
one Which is too light, can make for 
difhculey in comtrel and is best re 
placed, 
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The on-off switch is also deserving 
of mention, Chis normally switche: on 
the carmer and is belt ‘on’ all the time 
the transmitter is to be operated. The 
switch mi usually of the toggle type, 
but may be a slide switch on some 
transmutters, If a toggle aWitch, it i 
best to anrange that on" is up rather 
than down, #5 in this positing it in 
least Likely to be accidenjally knocked 
ot during handling of the trascnuatter, 
‘Up’ for ‘on’ is standard practice with 
American transmitter switches, but 
the reverse fitting & usually adopted in 
this country. Altering the switch is 
usually quite straightorward—merely 
loosening tts fastening ring, turning 
through Lx) degrees and reughtening 


10 Poon, 
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CHAPTER 3 





The basic function of any mdio 
receiver i to be responsive to RF 
signals received at a particular fre- 
quency whilst rejecting spurious 
signals, The balance of the receiver 
circuit if then concerned with decoding 
the signal received and tranalating it in 
terms of useful, or useable, ourpur. 


The ability of the receiver to pick up 
signals is determined by its sensteriry, 
‘The weaker a signal the more sensitive 
the receiver must be to pick up it and 
prodmor a satisfactory response in the 
receiver circuit, Sensitivity, therefore, 
largely governs the range of a particular 


Fig. 12 


receiver used with a particular trons- 
mister. 


At the same time the receiver must 
be selectree, ie. capable of being tuned 
to respond only tf a particular 
transmitted RE signal. Lf the tuning 
[oo 6Droad, the receiver will lack 
selectivity and will pick up other RF 
signals adjacent to the specified tran- 
mitted frequency it is intended to 
detect and nepond to them as well os 
the correct sigmal. 


The conventional radio conrral 
receiver mocmally employs o super- 
TeQeneTative crest which has the 
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Fig. 13 


advantage of providing good sensi- 
tivity in @ simple manner, Om the 
Other hand too ered 2 Senainiviny 4 oe 
desirable since thes means that the 
noceiver will pick wp other weak 
sgmals as ‘interference’. Carried to the 
litthit, EXETER Sensitivity may mean 
critical stability, where the receiver is 
Working on the pom ot ckippany 10 and 
out of oscillation. The circuit designer 
must, therefore, produce @ suitable 
compromne a cepards the degree of 
sensitivity that can be tolerated, of 
fake peovisnen Bo achat setViEy 
sparatc to normal tuning fo met 
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particular operiiing circumstances, 
The super-regen receiver is porm- 


ally quite “broad” in timing. In other 
words, it has inhereecly bow selecerotry 
and even when tuned accurately to a 
parthcular frequency may well be 
responsive to other signals at diferent 
frequencees. For example, if tuned to, 
say, 27 Mmegacycles exactly, it may well 
pack up signals at, say 26 megocycles 
and 24 megacyeles with sufficient 
strength a to respond. to them, For 
this reason it is normally impossible to 
operute two SUper-fegen receivers at 
the samc time dithough cach may be 
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Fig. 14—Orbit Superhet Rx. 


controlled by separate cranacutters 
OPSTAting at different frequencies. The 
pecmutted band width for radio control 
operation—2o-96 to 27-28 mepacyeles! 
conte to marrow ft provide 
‘SE paracor® 


acceptance of the super-tegen circuit, 
AC the same time, of course, & sitper- 

regen recciver is particularly prone to 
interference from any source of RF at 
i7 megecycdes which may be 


around 2 





of the broad limits of 
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present with sufficient field strength 
where the receiver is being operated, 
This problem of ‘interference’ be- 
Comes Mare acute with increasing 
Poe? sensitivity, 

Despite this limstation, the super- 
regen recever has nemamed the 
stundard type for both single- and 
multi-channel work, mainly on the 
score of relative simplicity {leading to 
minum size), lowest cost and the 
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Fig. 15—R.C35. Competition 10 Superhet Rx. for Reeds. 


fact that it m readily tunable to any 
stiitable transmitter. “Ihe saperhetero= 
dyne (superher) reociver, on the other 
hand, i the only type capable of 
prodding interference free aperanon, 
but 1s inevitably bulkier, heavier and 
considerably mare costly. 

Whilst the super-regen fectiver 
works on the principle of detecting the 
Incoming radio signal ar radio fre- 
quency, the superhet ‘mixes’ the 
incoming sigsal with a fixed frequency 
cigmad generated by the receiver itself 
and detmets only the reiultiing beat or 
true difference frequency (usually of 
the order of 450 to 475 bbocyeles/! 
Become, ds a result the circuir i 
exiremecly schecthvé—so selective, in 
fact, that up fo six oF cren more 
Prainsnitier-recerver combinations may 
be worked simulmnecusly wethin the 
aS to 27:28 megecycie band ai 
different ‘spot’ frequencies without 
any imierterence between them [sec 
Table I). In practice, the superhet 
Receiver Oo mot result in absolute 
freedom from mterterence, but virtu- 
ally sa normal operating con 
ditions. 


From the oreust deaagner's point of 
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view the eweerber moquires careful 
Ponning in order to achieve MASLIN 
gtabiliry as the receiver is “untunable’ 
by simpke means, Thar is to say, the 
extent must be stuble enough for it to 
require mo tuning for long periods 
after bem intially set up a come 
pbetely samiactory tuning cam only be 
achieved with the wd of an oscillo- 
aot gid o thos oumide the capa- 
bilities of the average user. Crystal 
control Bs necesary to match the 
recciver to the transmitter (ic. em- 
playing a matched pair of crvstals, one 
In each unic); and full temperature 
CANT PENSE AHI In the case of transistor 
circuirs, 
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Fig. 16—C & § Cardinal Rx. with ‘transfilter’ |.F, Stages. 


Superher coosvers, being a aver 
development, oormally employ all- 
Transestor crc, A valve detector 
followed by transistor-amplifier stages 
may still be used on super-regen 
receivers, although again virtually all 
mocem designs favour all-transistor 
circuitry. The advantages are similar 
to those woth ceansmutters—reduced 
balk and weight and the use of smaller, 
hrw voltage bameries with low curren 
drain. Thos whilst a typical valve- 
(ransistor recelver may require one 
224 of 30 volt high tension battery plus 
a 1-5 volt low tension battery, the 
equivalent all-transistor Grout oper- 
ates Off a single battery of 4-5 po voles 
(6 volt. being a typical average for 
“multi” necesvers }. 

Output tuncnon of a receiver is the 
eanc, regardless of is type. The 
superhet reociver cam, im fact, be 
regarded as a super-regen circuit with 
a special ‘Iront end’, plus crystal 
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Fig. 17 


contin to emiare complete freedom 
from dioft, The balance of the receiver 
circuit is then concemed with decoding 
the individual tones—i.c, extracting 
the AP component from the modu- 
bated RF signal received in terms of 
some form of useable ourput. 

There are two basic forms of 
decoding possible—electronic, or 
electro-mechanical filtering. The 
former appears the most direct amd 
logical at first sight, but is mot the most 
Popular method. It &, however, 
favoured by Continental radio contral 
designers Who have virtually standard- 
ised oon this method for modern 
production designs. American multi- 

it receyvers, abl British, have 
almost always preferred the use of the 
reed-relay for ‘mechanical’ separation 
of individual tones. 

_&lectromic filtering, being the 
simplest in principle, will be described 
first. Here the detected and amplified 
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denal developed in the receiver i 
passed to a mumber of paralicled filter 
components, one filer circuis for exch 
cone. Each filter is destined to pass 
only @ particular AF ‘tone’ and block 
or stop all other frequencies. The same 

nnaple applies whether the onganal 
i ‘a re ulsted first of ae 
Filter A will pass only tone sugnal 4, 
hilver B paises only tone signal B, ond 
6 on—Fig. 17. The output from each 
filter os then fed to opdividual relays, 
one per filter. 

‘The res MM the receaYer is then 
perfectly straivhtiorward. The re- 
ception of tone A results im filter A 
pasa that tone, with sufficient 
cuITeot mec to opermic relay A 
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Similarly, tome H operites relay B, 
tone © operates relay C, and so on. The 
relay contacts are merely used as 
switches controlling the ‘“on—oll* con- 
diton of the separsic servo circuits 
wired to ther 

An otstending example of this type 
af meade: recetver m the (German) 
Grundig. Here the rectiver & @ 
scpardte unit, ante wich are plugged 
separate filter unirs. Each filter unit 
comprises two filter circuits and two 
relays to build up a 2-, 4-, 6 or 5- 
Channel ‘mualh’ receiver by plugging on 
ape, tao, three o¢ four filter wots 
(each wnt ee of ooure, a 
paar of different tone blters), 


The chicf limitation of tone ie 











18 MULT! CHANNEL RADIO CONTROL 





apart from a complication af circuvtry, 
bs that filter circints tend to be some- 
what bulky, thus increasing the overall 
gzc and weaght of the receiver when 
more than aboot three channels ore 
covered. However, this can be met by 
the use of sautable muniaturised com- 
ponents, although cost tends to he 
rtlanvely beh. It is aleo normal to we 
fiter circuits with relays, whereas 
direct or relayless operation is usally 
preferred on modern muh installations 
to meduce weight and decrease the 
number of choewical contacts invalved 
in switching, Tome filter eircwits cnr. 
however, equally well be adapted for 
relayless operation. 

The chief advantage of tome-filter 
crcuits, span from eliminating all 
mechanical contacts before the relay 


Fig. 18 





stage, #8 that much wider separation of 
the audio frequencies of the individual 
tones can be used to eliminate any 
possabulity of ome tone interfering with 
another in the receiver circuit. The 
actual tone frequencies eaployed are 
also usually higher than with reed 
recervers, hence the same transmitter 
qinnat normally be used to operdte 
both types of receiver. 

With electro-mechanical separation 
the receiver sienal is fed direct to a 
reecd-relay or moni “bank’, a) it is 
normally called. ‘This comprises, in 
effect, an electromagnetic ool with a 
number of thin spring strips in the 
form of a comb replacing the con- 
ventional pryoted armature, the coil 
an elongated in form to cover the 

th of the comb, The comb has a 


a ey 
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Fig. 19 


many ‘fingers’ or roods aa the number 
of tones it is required to decode. All 
the reeds are clamped at one end, but 
cach i of difierent length with a 
comesponding chflereat narural fre- 
quency of vibration, within the range 
at audio freguences comered by the 
Lransmitier tore. 


‘The field col receives the ‘pone’ 
signal detected ami amplified by the 
recerver ind is thus subject to excita- 
thot by alternating current at the tone 
frequency, [his m tum produce ant 
atermting magsetic field of “poll at 
that particular frequency, When thas 
corresponds to the resonant frequency 
at @ particular reed thet reed will 
CoOrnmence 6 Vibrate mn menace and 
connnuc vibrating for #5 omg as thet 


The reed bank i | Tn were oie 
rena |, imblait): k: tiie edad hl Geil Fintaeeier, ashe a 
se the doerpesectt Enel be Bake Gp a eed Gal 

= A onli, im thin coe 
A.E.P. Geil Af right, fie Deo FP med im 


obtwirg awiing terre 


aoe 


spec frequency of eXcnon i 
maintained 

In other words, the tone signal 
‘deeoded"’ in the form of strong 
wihration at a particular reed in the 
peed bank assembly capable of reson- 
ating that tone frequency. Each reed 
has a contact mounted above it, so char 
when vibrating, it touches this omntact 
once every vibration so that a relay 
commectiad both to the fised contact and 
the fixed end of the need itself will 
effectively be switched ‘on* and oper- 
died via the exciting current—Fig. 18, 

[In actual precice the period of 
‘Make’ is relatively small—usually 
only about 1 te 10"), of the complete 
eycle of vibration, To belp maintain a 
steady current through the relay to 
hold it operated, a capacitor is in- 
comparaied im the circuit to act os a 
‘reservoir’ —Fig, 19. This capacitor is 
Charged up on ‘make and then de- 
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Fig. 20 


charges during the ‘break’ period to 
Tuintgin currcot Bowing through the 
relay coil, The purpose of the resistor 
in the same circu is merely to Limit 
the: inatial or | k current when the 
Circuit is first closed by the reed and an 
prevent am sstasiee current being 
padetd through the reed fined contact 
and the reed imeclf. In practice this 
companent may be eliminated and all 
the resistive load provided by the reed 
bank of relay coil resistance. 


Bach reed in a reed bank is capable 
at controlling one relay, Thus a 6- 
channel receiver would have a six reed 
bank controlling six relaya, an #- 
Channel receiver an B-reed bank with 
eight relays, and so of. Only one 
element—the reed relay—is required. 
tor controlling all the following relays, 
In pracice, bowever, the number of 
reeds which can be accommodated in a 
bank is limited, 


Since operation of individual reeds 
is produced by ‘resonant’ vibration it 
will be appreciated that a reed will 
respond to a particular tone frequency 
ama harmonics of that same tone feng. 
twice that particular tone frequency, 
ar one half the tone frequency). It 
follows chat all the separate freqquencics 
ef the individual reeds im a back memes: 
be within a6 Octave as 2 greater spread 


could operaic a stcond reed via a 


harmon, “Che greater the number of 


recds to be accommodated within an 
octave the closer must be che spacng 
between the inliveccizal Pre uencies 
and, if too close, there is the distinct 
possibility of adjacent reeds being 
operated om cither cide because of 
neaties af resonance, 


Within the normal AP tone range 
COMPratit 8 smpgie octave within the 
range of 250 to 730 c.p.s. this virtually 
limits the maximum practical mimber 
of reeds in a bank to 12, and even 
this a8 hikely to lead to some iner- 
reaction unless mecticulois core is 
taken on the design and construction 
of the rood bank. Spacing af the 
individual reed frequencics is usually 
uniform, but with same opening out at 
each end (or towards the longer reed 
end) tO aeive af optimum pertain 
ance. The actual shape of the reeds, 
method of mounting, contact position 
and adjustment all have an effect on 
the “sharpoaess' of tuning of individual 
reeds and the pessibaliry of over- 
lapping. Some typical date on reed 
bank frequencies are summarised in 
Table IL 

Whilst a reed bank can be capable of 


excellent performance, design, con- 
struction and adjustment are all 





critical fearures, Not all commercial 
reed banks reach the desired level of 
relinbiliry, Sapam ot tuning ana 
ey those that do are 
imeaitably quite cXPCNSIVE. Low cost 
cd banks, or home LES, ane 
seldom satistactory. For this rs 
Ansty, only the bert a good coough, and 
will represent an ccomomy in the long 


ruff. 


Primary design factors involved m 
the reed comb itself are: 


(i) Material suitabiity—to have 
the required ‘spring’ character- 
istics and be unaffected by 
temperature changes or fatigue 
eHects which could cause the 
resonant frequency oo drift, 

(a) Electrical saitability—sinece the 
reeds act 28 Contacts, so mst 
have pood electrical comduc- 
cavity and freedom from cor- 
reson which could cause in- 
Creasing Contict resiunce. 

(im) Ripgdityv—so that each reed is 
aeaelt aad myidly anchored at 
Its fixed end sf 324 mot tw 
dissipate energy, Also there is 
the fact that any chamer in cod 
anchorage condition, however, 


Fig. 21 
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nunute, could modify the effec: 
ove Jength and thus the reson- 
ont frequemcy, 

(iv) Exact dimensions—so as to be 
crapped or finshed at the 
cmt resodant length required 
[or optimum of near-cqual 
pacing of individual resonant 
ireqQMVecncies, 

In adalition the magnec circuit 
must be as ciiicient as possible as 
gircming the senwiivity of the reed 
bank, i efficiency of operstion and che 
contact | pressure achieved, (Contact 
position is also important as the cin 
affect the sharpmess of tuning of 
ndividaal reeds, 


This ts because mo practical reed 
Will resonate af an exact “spon” fre- 
quency but rather will tend to resonate 
or Vibrate over a range of frequencies 
with peak amplimde at the truc 
resonant frequency. On a working 
rood bank the actual amplinde is 
tinted by the reed striking the comtact, 
The pearer the contact to the reed the 
less the “free” amplitude available to 
the reed and the broader the band 
width over whch cowtact is likely to 
be macke—see Pig. 20. The sharpness, 
of otherwise, of the peaked curve will 
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be dependent on the teed geometry 
and end fixing to start with, Che only 
way to further increase the selectivity 
of the reed is then to interrupt the free 
amplitude at as high a level as possible 
—j,¢. apace the contact as far away 
from. the reed as possible. At the same 
time this may result in only minimal 
“make” time for completing the relay 
circuit. This can be offset somewhat 
by moving the contact position im from 
the cod of the reed when closure time 
can be increased from about 1%), to & 
to 10%, without material affecting the 


alm 

The hasic circuit extracted from the 
reed bank is quite straightforward. The 
fixed ends of the reeds normally have a 
comme conmection (ar are aplir into 

o equal banks insulated from cach 
other), Which also becomes 0 common 
connection fo each relay. Each ine- 
dividual reed contact See 
im appropriate melay—rips. 1b and 2, 
Gere cies are then wired separately 
to cach relay, 

Altermitively—and this & wally 
preferred on modem systems—in- 
dividual reed commections are taken 
directly to & tramsistorised curreit 
amplifier circuit msociated with the 
servo, thus dispensing entirely with the 
chain of relays. Since one relay i 
required per channe] this saves con- 
diderable bulk and waght. Om the 
other hand a suitable amplifer to go 
wath cach servo oan expenuve item. 


and can odd £3 to £5 to the cost of 


each servo fone servo required for 
every two channels—sor Chapter 4). 
There is still a saving in weight and 
bulk, however, since a transistorised 
amplifter circuit can be accommedared 
in verv little space (usually insede the 
servo wself) at a fraction of an ounce 
weight mecrease only, per servo, 
Rclayiess operation also hos several 
other advantages. Por one thing if 
eliminates switching through the relay 
contacts, dtd comics are always @ 
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potential source of trouble, Also if 
climingtes the necessity of having the 
relays property adjusted, o¢ the chance 
at relay adjustment of relay working 
being upset by a crush, Yee anothers 
advantage i that the output handled 
by the reed commcts is appreciably 
lower #0 thar these contacts are 
operating under much more favourable 
conditions with bess chance of failure 
duc to “hurnt" contacts, 

For example, when a reed bank is 
comacted to relays, the actual current 
curried by the reecl contacts is con- 
siderably higher than the oommal 
operating current of the relays therm- 
selves, due to the low duty cycle 
involved. Thus with a 5%, duty cycle 
and a relay drawing 10 milliamps, 
peak current values of 200 muilliamps 
will be cared by the moed contacts. 
‘The resistor, incluxbed to limut the peak 
current, Orust be fairly low im order to 
obtain the mectssary current through 
the relay coil. A typecal value is 
47 ohm. 

With relayless operation the ourpu 
power handled by the reed contacts 
need only be of the order af 0-2 
milliamps, which 1 fed directly to the 
current amplifier stages im the servo 
cirouit, The resisto¢ wed in this case 
qn be quite high—typically 470 ohms 
si hat the etecleae peak current 
carried by the reed bank is quite low. 

The conventional relayless rood-type 
receiver also scores in another darec- 
don, Since it virtually finishes as the 
reed bank, #3 far as the internal arcu 
is comeerncd, and a 1O- (or 2+) reed 
relay is not very much more expensive 
to produce than one with a sovaller 
number of reeds, a ‘standard’ recerver 
can be produced with a lt- for 12=) 
reed bank. This can then be used with 
anything from one to five (or six) 
seryes with current amplifiers. Simbnt 


the latter represent & mapor cose 


‘typically up to £10 each), mult- 
channel operation can be built op im 





‘C10 stages’, as it were, Equally, 
virtually the same receiver [of suitable 
circuit design} y could be ted to operale 
x ison te (for single-channel) and lwter 

erted to work a5 a multi-channel 


receiver by replacing cing the relay with a 
c additional coat af 


converting to ‘mulu" merely being 
that of the reed bank (and more or less 
directly proportional te the number of 
posds i the bank}, 

Stage building, where a basic 
receiver unit can be added tno build up 
mate Channels progressively is also a 


feature of certain rypes of Continental 


‘multi’ equipment, employmg plisg- 
together circuit stages. Thus the 
Crrundig basic receiver (super-regen or 
superhet) can accept one, [Wo, three 
or four filmer units plugged on, cach 
filter unit providing two channels of 
signalling via felay contact outputs. 
Recommended ‘spot’ frequencies 
agreed berween American and British 
authorines cover 13 separate ‘s 
with colour coding a4 lared bir 
Tike colour code is intended to provide 
a ready method of displaving operaring 
facia by fiying a pennant of the 
Sree ealour fram the serial 
tranamiticer will be fitted with a 
crystal of the appropriate ‘spot’ fre- 
quency and the receiver with a 
matching crystal of frequency equal to 
cpoat frequency min reccver IP 
frequency (which may be 455, 465 or 
470 kilocyele/second in conventional 


practice). 
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PARLE 1. SPOT FREQUESC EES POR 
SUPERHET OPERATION 


Frequency 
Spor prac rer. Colour code 
LH 26-970 block 
1 oh-f5 brown. 
e 27-020 brown red 
R a oS red 
4 27-070 red orange 
a 2S orange 
6 ae 120 orange! yellow 
7 27145 aire ay 
5 27-170 yellow green 
27105 Fees 
Lo fae) praea Blue 
i 27-245 blue 
[2 27-270 white 
Note: In practice interference is 
highly likely & 


Sfwers, equipment oper 
atime i adjacent ' enone, The nowmal . 
allocation of spot frequencies pda 
the numbers shown in heavy cype. 
Not all superhet tramsmitter-recciver 
combinations conform to the above 
Allocation of spot frequencies. Thus 
the original Grundig equipment 
differed in offering five separate spots 
chojen by the manufacturer with the 
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following valucs and colour coding: 
spot] 26975 (black) 
spat 2 2S [hte] 
spot 3 2A [ pellow) 
oe 4 27120 = {red 
3 7-143 (green) 
Voce spot equencies are: 
bi xo | ail ( bhack | 
spot? 27220 (red! 
spot 3 220 i ereen) 
ee || See 
ste Seielh 
— — 
270 at 
102 ia 
icky 754 
163 ia 
175 4 
que Iva 
44 ona 
ir 2 
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CHAPTER 4 


The general term actraror describes all 
types of devices capable of turning an 
electrical signal into a = mechancal 
output or force to move a cosiral. 
Normally all actuators are electro- 
magnetic devices, the simplest of 
which are cecapemenms, Escapements 
are Virtually clectro-mechanical 
‘switches’ with an external source of 
power provided by a rubber band 
moor, and all are designed for 
operation Vid a single radio channel, 
Actuators based on an eclectic motor 
are self-contained, a5 it were, with 
buille in switching to provide the 

fred response to being energised, 
ether directly or indirectly, by the 
receiver sips, They can be designed 
for either single-channel or 2-channe! 


Fig. 22 


MULTI 
SERVOS 


operation, anc are mocmally referred to 
as ‘motonsel actuators’ or nero, 


A multi? recerver with “N" channels 
is capable of operating "N° single- 
Channel servos [or escapements); of 
‘N/2 pwo-channel servos. Servos are 
invariably prefered to escapements 
and, for 2-channel operation, must be 
used. Similarly, it is always preferable 
to opermte 2-chonnel servos from a 
‘multi" receiver since this halves the 
nomber of serves required There are, 
howerer, exceptions, such 9s im model 
boat installations, where a 2-channe] 
servo may be weed for the main 
controls) and single-channel servos 
for additional services. 


Regardless of the method of switch- 
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Ing, the octen of @. conventional 
“miei” (2-chaanel) 2 always the same, 
With were switching the servo and 
serve batteries form 0 separate circuit 
external, mo the recerver, with con- 
nechon to the peocriver via the con- 
tacts of the two relays—Fig. 22, 
Operation of relay | then closes the 
external circuit if sach a fiaitimer a to 
Catee the servo motor te drive in one 
direction, Operation of relay 2 closes 
[he extemal circum with opposite 
battery polanty through the servo 
motor to cause it to drive in the 
oppodite direction, With either direc- 


Fig. 23 
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tion of drive, a built in switching 
system (or equivalent mechanical cor- 
trol) im the servo unit lnmits the 
amount of dnve in either direction, so 
that if a signal is beld on, the motor 
wall drive an output afm to a maximum 
displacement, where it will stop— 
equivalent ta full control position, 
Additional built-in switching (or 
equivalent mechanical control) also 
provides that when the signal is 
released and the nelay contacts change 
over the output arm will either be 
driven back to its original neutral 
position (self-cenmring acthon); or stop 
where it is (progressive ection), 

The servo battery is centre tapped to 
provide two opposite veltage supplies 
tor driving the servo moter in esther 
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direction, according to the switching 
alignment as governed by the relay 
contact positions and the servo switch- 
ing pancl swept by wipers. The 
StanGard system then inviives e1gh 
wires fram the serve, commected ms 
shown in Fig. 23. No switch 
necesiary if the serve caret sinoc 
battery on-off switthing & provided 
by the relays, Wiper swatching #ction 
is normally as shown in Fig. 2%, 
although the actual peametrec layout 
of the switch board contacts and 
WIPCCs kay Vary considerably with 
ditterent servo designs—e.z. the 
mochanical action may be hneor, 


Fig. 24 


aemi-rotary of full rotary, 

In some cases the servo crcl 
may be aammified by accommodating 
ternal conmmections so that the number 
of external wires to the servo can be 
poadwesd, This can apply to the servo 
design ttsell, or at the recerver end a 
far ae the relay output commectus are 
concerned. ar beth. Thus m the 
Grundig system the number of ex- 
ternal wires Tunmimg to each Serv 1 
reduced to rvo, the matching servo im 
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this case being spring return and 
“CHANECOVED OUTPUT connectrons pro- 
duced by internal strapping in the 
Plug so that only a smpk servo 
battery is required—Fig. 2, 


This particular circulr can be used 
for two-wire operation. of any spring 
remra mechanical-limit ‘mul’ servo 
controlled by two relays and requires 
the use of one serve bantery only (not a 





comire-tapped bamery), Note, how- 
ever, that in the case of the Grundig 
eystem Where commection to the filter 
unit 6 made vin an &-pin plug, if a 
conventional (S-were) ovulti servo is to 
be connected an addinicnal external 
ere will be needed to accommodate a 
ceotre-tapped bamery ated only pling 
points | and 4 need to be commoned 
(which means, in effect, that one of the 
eight wires in the plug-in cable is 
epare, hence the additsonal external 
wire (0 make up to a conventional 
B-wire system), 

With a relayless ounpur from the 
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receiver a centre-tapped serve battery 
ia atill required (unlike a nelayless 
magie-chanmne) receer which may 
petite its actuator direct from the 


receiver current), A. current amplifer 
m alee extential, combined woth the 
Serve cLPcult fo provide the switching 
function and the wmount of current 
necded for powering the servo motor, 
Physical switching of sero motor 
lnm and se-neutralising is provided 
by a awitching board traversed by 
wipers, 3 in the servo wed with a 
relay output. The servo i, im fact, 
identical but for the adelstion of the 
servo amplifier. However, the battery 
roquirements may be modified to 
mnchde a further 1:5 [or 12) volt 
‘trigger battery for the amplitier 
circuit—PFig. 23, There are, however, 


Fig. 26 
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rao jess. wires. from the servo (im- 
conparating the amplifier) simce there 
are only two feed contacts involved 
(external to the servo) and ane com- 
mon conection to the reed bank 
comb instead of six relay contacts 
to be connected. ‘Thus actually eavee 
three wires, compared with a relay- 
type hook-up, but with the relayless 
circuit there 15 an addinonal connection 
bo the extra “trigger battery. 


The conventional neulti seryo wath 
built-in amplifier for relayless opera- 
non, therefore, i normally connected 
Tid &@ S-Wire system 1c. ak Wires 
emerge from the serve, normally 
following the standard colour code 
shown im Fig. 25. If the amplifer 
airouwt is designed t work without 
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Fig. 27 
= 


= rer voltage the mumber of jeocds 

ne reduced to five; of if designed 
ro kg off a meager battery, the mumber 
of leads can be reduced to four—Fig, 
26. This siiects onfy the oumber of 
connections to be made to the reed 
bank (minimum three) and the bamery 
ond size of battery and not the 
receiver. 


The current amplifier is imvyariably 
an. all-transistor circuit and normally 
designed to be accommodated within 
the servo case. This is usually most 
convement, but not the invariable 
rule. A bank of servo amplifiers (one 
ior each two channels) may be 
mounted #4 anf interinediate jtem 
between the (relayless) reocciver ated 
the (octal servos. This system has 
the advantage that receiver and anpli- 


Ber bank may be changed from 
model to model, leavin the servos 
permanently mouited. Thus a wet of 
normal servos only i required for 


petimainent installation im each mode! 
at a saving in coat of one ammifier per 
served (which would be mecessary if 
just the receiver was swapped from 
model to model), The use of servos 
with built-in amplifiers is more normal 


for nee with relayless receryers, howe 





ever. In any cise, fiiselage seryos are 
usually mounted on a tray which 
makes transfer from one model to 
another a fairly straghdorward opera- 
ion—see (chapter Fi, 


If intended for ‘progressive’ action 
the necessary amplifier circuit can be 
simplified somewhat, with a reduction 
in cost, Servos with built-in amplifiers 
for relayless operation many, therefore 
oat mood ins separate ‘self-cestring' 

“Progressive forms, with the 
latter costing slightly less. Equally, a 
‘sell=centring’ servo for relay operat- 
ton cant be ; for “progressive” 
oct merely et Omniting bo Wire Up, 
ot cisconnecting, the self-centring 














Fig. 28 


circuit—Fig. 27, In the cae of a 
serve with allen amplifier for relay- 
lege operation, and the amplifier 
designed for self-centring action, con- 
Peron 0 ‘prognessive’ action norm- 
ally involves breaking (ic, cutting) an 
internal ware which, in effect, dis 
conmects the seli-centring part of the 
switcher board 

In some cases the reed bank o 
designed on a split hasza—i.¢, fw 
separate halves electrically insulated 
from cach other (see Fig. 28), ‘Thas 
enables the ‘simulmancous’ ouput 
circuirs to be olated from one another, 
Some servos are designed to operate 
specifically with split reed banks; 
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others may mot be suitable for use with 
a split bank, unless the two halves of 
the bank ate commoned fic. con- 

nected together to form « normal reed 
bank switching eirertit). 

The majority of modem multi 
serves incorporate built-in electrical 
switching for providing ‘stop and 
hold? at full control positions on either 
side, ond seli-centring action on 
release of signal, The switching system 
normally comprise a suable pronted 
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ircuit panel which is swept by a series 
af wiper contact. ‘The panel may be 
monnted on the output arm of the 
servo amd totate with it, with the 
wipers fixed relative to the case; or the 
switch panel mounted to the case and 
swept by a Wiper system moved with 


the output arm, 


Switching action is usually based on 
employing all thnae contacts af the two 
relays controlling the serve (or equiva- 
lent in the case of relayless peration | 
and nwo battery supplics of opposite 
polarity. iA typical circuit is then as 
shown in Fig. 29. Operation of relay 1 
eompletes the battery B circuit through 
the mater, causing the motor to drive 
in one direction. On reaching the 
lumst af the cogtir®) ovement re- 
quired, the wiper runs off the ‘supply" 
oontact strip so that motor drive 
ecases although the relay is sull held 
m Oy the signal, Om release of segmal 
the relay drops out, This completes a 
circuit through battery A and the 
motor to drive ic back in the opposite 


Fig. 29 
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direction. When the drive reaches the 
neutral position, the Wiper again rund 
of the contact strip, disconnecting the 
moor CIncuit and stopping the serve 
in peutral ready to receive the next 
signal. If only ‘progressive’ action is 
required the self-centring Jeads are 
disconmected (ie. the wires to the top 
contact af each of the two relays). The 
aero movement can then be ‘ooched' 
exther way, remaining in that position 
on felease of signal, with maximum 
MmOrencnt in either direction still 
limited by che * ‘stop of limit switching, 
When the servo it designed for relay- 
leis operation with a servo amplifier 
added, exactly the same switching 
action is employed (ie. the switcher 
board and mechanical axle of the 
servo is exactly the same). The servo 
aeeplifier ercunt becomes, in effect, an 
extension of the switcher board ta 
give cither self-neutralising of ‘pro- 
Breesive’ acthon from the servo, The 
former circuit can be modified to 
‘progressive’ action by disconnecting 
the self-centring switching lead. A 
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servo amplifier designed purely for 
‘Progressive action cannot, however, 
be adapted to provide self-cenering 
action without an extension of the 
circuit. 

Orber multi serves may employ 
mechanical timit swrtching, sich os a 
sippang clutch which allows the 
mot to keep driving a5 long as a 
comtrel signal held on bur actual 
mavermcot is lomited by a stop. When 
the control arm reaches this stop the 
dnve elips via the clutch. Self-centring 
action can be provided by a spring, 
gang an all-mechanical servo comtrol. 
Whilst this may permit a more com- 
pact assembly there ure certain disad~ 
vantages, Unless the motor ison open 
cirouit for self-centring it will act as a 
regenerative brake, slowing the return 
time appreciably, If the motor is on 
opin qrowit ad is capable of being 
retumed rapidly by a spring of sastable 
power it will tend t over-run and 
ocllate somewhat about meutral before 
being fully damped. Also, of course, 
with spring return, part af the servo 
output power is best in overcoming the 
SAIng action when moving to a contral 


position, although this is mot so 





eeriods a problem with the relarively 
high reduction pear ratio normally 
necessary between the otor sporndle 
and the output acm. 

Quite rapid action is required for 
aircralt conmol systems. Transit ume 
from neutral to foll control poston 
thowid not exceed half a second (and 
the same for returm [fo mewtral) os 
otherwise it will become increasingly 
difficult to maintain smooth contral— 
eg. with a slow trai time there will 
be a tendency to over-control of hold a 
control an longer than required be- 
cause Of the slow initial response, 

A slow transit time may be a 
characteristic of relay operated 
spring-return serves where the motor 
is eHecuveldy short-ciroewted during 
the retum-to-newtral period, ‘This 
results in the servo motor acting as 
a scli-regencranve brake, opposing the 
pring action. AA Cute if sibch Gases 
is tO InSert @ retistor im one of the 
motor leads to elimanate the “slort 
cettunt condinon, the alte aot the 
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nesistor being selected by tral and 
error to cetablish a suitable trans 
time. (a sultebde value will usually be 
of the same otder os the coal nescence 
af the motor), In onder to compensate 
for the ddchticooal nestance m the 
mor circuit for normal driving it may 
be necessary to imcreise the servo 
bamery yoltage—c.g. if the resistor has 
the same value as the motor coil 
reaianice, then the servo barvery 
voltage would peed to be doubled to 
restore the original value of current 
How tinoggl the motor, 

Whilst all mult: servos are basically 
af similar overill desien—and differ 
only in type and method of gearing and 
switching oontrols—the ultimate re- 
leability of the serve depends primarily 
on the guabty of it motor, and in 
particular the behaviour of ice brushes 
and commutator. Particularly wath 
relavlcss operation, increasing brush 
resistance will tend to cause a matorto 
ruin shggishly, or stick im @ certain 
position because the current output 
from @& servo ampbber is limited and 
emocesive brush resistance will sissply 


Al bhaagh gome mecedierh preter te ewe ther aqel 
Penal aoe! (ee woe of coorecion, met preter 
popeler tor EC inslslinon ani. 


mean o reduction in curren through 
the motor. [tis not possible to “boost 
Serva mor power With relayless 
opermion by increasing the recelver 
battery voltage as this could overioad 
and damese the corcubt components. 

With relay cperaieon Using & ecperatc 
serra battery, battery Voltage can, of 
course, be increased if seryo acnon is 
foo sluggish, Thus servo action 6 
ecmerally Jess critical as regards moter 
COMmgition with this system. However 
other troubles may arise for, of the 
servo battery voltage is too high, the 
Current curred Oy the receiver relay 
Contacts my be cmorve, CHiiis 
Darning of petting and ultimate faubure 
bo optrabe ds cohcit switches, 


The molt servo i @ cotical com- 
ponent of the radio control installation 
and is aimeet invanably bought rather 
than bome made. ‘The best of com- 
mercial servos have been developed to 
o hagh degree of relmbulity and ore 
capable of long and satisfactory service 
when weed within the limits of 
namonmcaded yolmges, etc. Not all 
commercial servos arc, however, ¢n- 
tirely rehable, and some are distinctly 
unsuitable for critkcal applications, 
such as a main thing control. 
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CHAPTER 5 


The equipment deicribed in Chapters 
2, 3 and 4 forms the Decis of all 
conventional “oulty’ systems operilsng 
‘hang-bane” conmols (via self-censer- 
Ing servos) or ‘tim’ contra (vin 
Progresaive-action servos). Propo 
tional commeal systems are quite 
different in that they provide minutely 
Variable contral response with syoch- 
ronisation between a control stick for 
equitalent) movement and mechanical 
rmespanise of the control surface i 
governs. Lr will be apprectated thar the 
method of signalling mist be quite 
Cifierent for the transmitter mist 
provide a means of signalling an 
rnfimitehy varisble degre of control 
narement rather than a single ‘on’ of 
‘ait" command, with deqodimg aft the 
receiver endl similarly more complex. 

Given a variable signal there are two 
basic methods of provicing correspon- 
ding of ‘proportional’ response via an 
actuator or servo, In the so-called 
‘open loop’ system the mechanical 
movement of the servo output {and 
thus the contre) surface) is arranged to 
be directly Pprepartnal to the current 
fed teat. “Dhas is the sieplest approach, 
but one which suffers fram severe 
practical Hrirations., Applied to any 
acreynamic control surlace [such as 
rudder, elevanors of ailerons), or the 
rudder of a boat, the actual control 
movement achieved under normal 
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opertiog condinons can differ appreci- 
ably from the theoretical or signalbed 
position, due to “blow-back’, This, 
quite simply, i a reduction in actual 
contral movement achieved by virtue 
of air preisure (or water pressure in 
the case of boats) on the control surface 
ance displaced. This an open-loop 
System Can never provide ruc pro- 
portional control mxerement, cxcept 
under static conditions, and the 
amount of blew=heck will be variable 
gath load on che control surface moved. 

This inherent limitation can be 
overcome by using the servo in @ 
‘closed loop’ circuit where the acral 
position of the servo is meaiined im 
aoe simple way anid comparcd wath 
the theoretical position as sagmalled. 
Any difference is rendered in terms of 
an ‘error sigmal’ which further ener- 
wists the servo Grout to dnve the 
Bereo Int a position where the error 
sigteal falls to sero—i.e. the servo has 
achieved o synchronised or true 
Pprepartional PaIsitein.. 

The working of a closed Inop 
system can be studied with reference 
to Pie. 30, where the servo = con- 
trolled by a single relay. The only 
difference berween chin particular 
servo Oamd «oo conventional ‘eli’ 
servo is that it is mechanically con- 
nected to a potentiometer so that 
movement of the servo drives the 
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Peentometer am. The servo mocor 
m enertised to drive im one direction 
when the relay armature is ‘our’, ard 
wath opiate polanty to drive tn the 
other direction when the relay arm- 
ature mm pulled im. [If the armature 
foam berween the two relay contacts 
the moter is switched off 


Fig. 30 
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suppose, for the sake of simplicity, 
the relay is adjusted to pull in at 2-2 
milliamps and drop out ot 1-8 milli- 
amps, A 20) roual uarrip current through 
the relay coil 23 an ‘vp’ sienal will 
then cause the armature to firat in a 
mid-way poution, awilnching the 
motor off, thas condition being estab- 
lished by adjusting the position of the 
contra patentiometer, 

It now the contre! potentiometer is 
Tummed to reduce the resistance in 
cincuit the current through the relay 
oof) will tise and, once at has mien 
above 2:2 millamps the relay will pall 
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Fig. 3l 


in. This will complete the battery 
circuit through the motor, cruite the 
servo fo start driving in ome direction, 
At the same time the servo will drive 
the feedback potentiometer increasing 
ims resistance in the circuit until, at a 
certain poant at My Crmcnt, tte in- 
creased resistance in the circa will 
have dropped the current through the 
relay ooil to 2 millarnps again. st this 
point the relay armature will move out 
to mid position, switching off the 
mone aid stopping the serve in thet 
posithe. The ameunt af movertenit 
will correspond exactly to the “commol’ 
moverment—i.c, with the same values 
both for the cosine) potestiometer and 
feedback potentiometer the amount of 
movement on the qontral potentio- 
Meter to injtinte servo omprement will 
be followed by exactly the same 
amaunt of movement of the feedback 
potentiometer (driven by the serve) to 
bring the circuit back to the same 
initial condition of balance, Since 
feedback potentiometer and servo 
movement are rmigeily linked, this 
means that the servo movement has 
followed exactly the control potentio- 
Mc Moves, 

Feedback control, therefore, pro 
vides proportional movement of the 
scrvo output drive relative to the 
actual change of input signal, Any 
greater or kes movement of the seryo 
would leave a state of unbalance 
pencrating an ‘error signal’ so that the 
cro would contmuec to dmve, one 
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way of the other, until the balance of 
‘null’ condition wes reached, 

‘The basis of a proportional comtrel 
systems is, therefore, to operate the 
servo on a closed loop cirowit so that, 
wath @ continuous signal applied, the 
servo will always deck and find a 
‘thaanced” position. Any variation im 
the ingeur & smal producing unbalance 
will then be countered by the servo 
moving i a new Position proportional 
to the signal difference. The effect of 
blow-back is eliminated since any 
ReStniction of proportional movement 
means that an error signal still remains 
bi the Giraud so the servo will connie 
bo drive until the full proportional 
movermcot has been achieved to cancel 
the error signal. It is usually ako 
necessary to provide sme form of 
damping to prevent the serve ootor 
over=runming the ‘null’ posrtion and so 
bunting abour the ct Posvbon, 
This may be done by applying 
mechanical ar dye braking across 
the motor ftecll, of by providing a 
separate damping signal. For example, 
in the circuit shown in Pie. 30 4 
damping signal can be produced by 
comccting a mator brush to the free 
end of the feedback potentiometer. 

As far a8 the radio side & con- 
cerned there are mumerous possi 
oes for applying variable shemals. ‘Thus 
Whilst a single “tone” provides an ‘on- 
off" signal only, if that tome is pirlsed, 
the signal cimdition ain be made 
ratiable berween ‘all off" and “all on’ 


With ao infinete varnwten of “oark* po 
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‘space gations between—see Fig, 31. 
Applied to the airouit of Fig. WW it will 
be appreciated that this i capable of 
providing hate Varwinon m relay 
armumumire ‘dwell’ tum|es om either the 
upper or kever contact, with equal 
cuark-spece ratio corresponding to a 
‘meu’ Poesiion with the anmature 
central between the two commct. 
Theorcopcally, at least, one pulsed 
pone sina) aoold be wed for obtaining 
proporued rudder como; a second 
pulsed tone for proportional elevator 
movement; and econ. bn practio:, how- 
ever, pulsed tone signalling is seldom 
comed beyond two chaonnes (dual 
proporthonal) partiowlarly where sim- 
UWitneows operon of the two control 
purines is required. For exreowon to 
firther control coverage, rather mare 
eophishcited systems oe oormally 
employed. Thos @ triple-proportional 
System May work oo one (or hwo) tone 
channel(s) variable by pulsing and two 
(or one) channel(s) variable in fre- 
qumicy; ar three independent tone 
channels all varsable im frequency. 
Cruacdruple proportional may be arrived 
at on a similar basis; or perhaps just 
hwo (proporhonal) channels yorinite m 


Fig. 32 
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frequency, @ thard proportional channe] 
provided Dy varying the numaery of 
the tones transmatted: anc the fourth 
proportional channel derived by vary- 
ing the repetinon rate, The latter 
method was oeed in the firer of the 
modern guadruple-proportional 
systems to athieve marked succes 
(Space Conmrod), 

The passible alternative methods 
iviitable for both proportional signal- 
ling and decoding at the recerver are 
NUMerous, fod new comumercsal aqup- 
Ment continues te appear, In the maim 
these are of “digital” or ‘analog’ type, 
the distinction beryeen the two being, 
in simple perms, that « digital system 
Operaics on a given oumber of pulses 
sent out by the transmitter and 
decoded by the receiver; and an 
unalog system works on a ‘logic’ 
signal tramenitted in terms of pule 
width. As for as the wier is concermed 
the electronic system employed 
imicmatertal. It a the working of the 
[ransmitter-recelver-serva combina- 
tion which matters since proportional 
equipment is (almost) invariably 
supplied in the form of complete 
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working units which have merely to be 
Plugged. together. 

The necessary electromic circurtry 14 
relatively omnplex and, to achicre 
cnmpacmess: and minimum weight, 
all-transister circuitry is virtually 
essential. ‘This can have a considerable 
bearing on range unless the tran- 
mutter power Gin be stepped up to a 
satisfactory level, Numerous other 
technical problems are involved, 
nobly the susceptibality of pro- 
portional systems to mvterferenoe. Since 
a control is effectively ‘on’ all the time, 
in if proportronal posnon, any 
momentary “noise or interference 
will ineviably show up as a control 
response by momentary movement. 
Also to guard against low of signal, 
additional aircuiiry may meed to be 
incorporated to provide a ‘fail safe’ 
action returning controls to neutral 
in the event of loss of true proportional 
signal. This again can lead to erratic 
response with a recaver cncwit prone 








to inferterence operated in a0 area of 
under conditions where ‘nome is 
prevalent 

There is aloo the question of how 
canny proportional channels are neces 
sary, what additional features they 
thould have (if any), and the method 
of signalling the arious proportional 
channels (e.g. single stick, two-sticks 
plus levers of pushbuttons, or single 
stick plus levers or pushbapioms). 

Basically, triple-proportional, af 
least, is needed wo be competitive with 
convemnonal lO-channe] “bang-bang 
multi, plus addicsonal facility for 
en speed control—making four 
eis ae Set 4 wm all. The main 
proportional services can then be 
applied to the main fying contrals— 
rudder, clevators and radder—for 
comiliete control. To be complecely 
effective, cach of the main (propor- 
tional} controls should also have an 
addinonal trim control available (1.<, 
the desirable addinonal fearure). This 
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will then make the control avaiable 
equivalent to that which would require 
|4-channel “bang-bang’ multi; and 
also superior in response by providing 
a full of propertimmal comeol 
— pitas separate Trimming facili- 


The only disadvantage is that by 
imcreasing the number of propor- 
onal channels the compleximy and 
cost of the equipment goes up con- 
siderably. Proportional control systems 
offering ‘minimum’ coverage thus 
have their particular sttracthon im 
lower cost, This may, io fact, be 
directly comparable with the total 
inatalled cost of conventional 11+ 
channel “bang-bang’ muln. 

Dual-proportional plus ome acls- 
tional service is airlouly the simplest 
system {iLe, 2+ 1). The two pro- 
portional channels are then allocated 
to the olin servicgs—ie. cievators 
(essential) and either rudder or 
giterons; and the ane (speed ge 
aver) COmmrol to engine speed, [his 
will provide a fvable proportional 
system, bur it will not have the same 
degree of com contrel aver 
mumuocurres and fying attimide of the 
model as 10-channel ‘bang-bang’ muri. 
In other words, ic will not be come 
petitive as repurds manoeuvrabiliry, 





but it may well be compettive in cost, 
2+ 2 (with two channels available for 
progressive’ engine speed coma 
better without being very mich 
mare complex}, 

nee ? pit syetem. can be omproved 

pi Bernie Arp elevators and rudder = 8 

ed proportional control—t.e, 
eee respond together to the same 
eee signal. This only needs 
Ce scree wage nama SET T i, 
aia inte chosen channel 
t, It is also posible te arrange 
for this paraileled service to be 
switched in ard cut mcchanically—say 
making rudder available under certasn 
conditions and switching our the 
rudder servo in favour of the averon 
servo connected to that channel for 
all other condoms. The latter enables 
the aileron control to be used more 
effectively than im the case of coupled 
ailemon and rudder where, for certain 
manicurres, a coupled rudder will act 
in the opposite manner to that 
required {and no modder movement at 
all would be berter). 

The 3+-1 system provides com- 
plete control, as noted above. If tt 
becotits @& Crue quaxtnaple- paneer 
tional system (with trim), ie. 44 
the exgine throttle control also ty 
comes proportional rather than pro- 





= AL ar 
Mio = 





al TE 











ai) MULTI CHANNEL RADIO CONTROL 


gressive, which has some advantage 
and certainly offers yet another 
faciicy not available with “barg-bang" 
pose supnilling. Equally, to have a 
ee theatile contral ayaslable 
Wil triple=-proportional system 
coupled aileron and rudder may be 
used: of separately awitched aileron 
or fidder, as noted above. Ir is 
posible toe provide more than four 
proportional channels although they 
are not directly usable a functional 
controls unless adopted apecifically as 
BCRP tom controls; or four or more 
proportional controls plus additional 
‘Progresave’ cantrals, 
aon are invarably of the closed 
bop type, and specifically deakened or 
adagted to meet the particular equip- 
ment, The recciver i mormually of the 
superhet type and the complete instal- 
lno—receiver, serves and battery 
harness—m normally supplied pre- 
wired and requires oo adjustment 
whotsoerer, Thus fitting int a model 
involves only mechanical installation. 
About the only problems involved 
here are the provision of rigid bor free 
linkages to the couvtrol surfaces so that 
there is minimum friction in pivut 
Pon, Cic.; and the eclimingtion of 
metal-ti-metal + sliding joints on link- 


apes Which could cause ‘noise’ ane 
interlerence with the receiver. 
Atechanical installation requirements 
are somewhat more important than im 
the case of ‘beng-bang’ multi since 
whilst a relatively stiff linkage system 
may aul work well enough with a 
normal “bang-bang’ or ‘progressive’ 
servo action it may cause malfunction- 
ing When driven by a proportional 
4eTVO, 

The design and construction af 
multi=propoctional transmitters and 
Fecervers—and even closed boop servos 
<requires specialised knowledge and 
expenence of the problema involved 
and is quite beyond the scope of the 
average modeller to amempr. Virtually 
all successful proportional equipment, 
therctore, is af commercial organ, It is 
a Geld in which finality has yet to be 
reached—or even approached, Thus 
whilst the design and construction of 
conventional multi is pretty well 
established, proportional equapment 
is Still (1966) in a state of development. 
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CHAPTER. 6 


Miuln-channel radio contral equip- 
ment is, unbortunarely, expensive— 
and there are mo short cuts to success, 
or economy, Except for the relatively 
small numbers of individuals who have 
both a skill and knowledge im practical 
clectromics and oa experieice of tre 
epecific reguircewrers of model radio 
control ums, the only way bo eooess is 
via the use of commercial equipment, 
About the only savings which cin be 
realise are im the construction of 
transmitters or receivers from kits af 
uted design. With the modern type 
of printed circuit construction lending 
itsedt ta = ee of the 
“waning in orm of @ printed, pre- 
drilled panel thi becomes ra a 
matter of assembly —positioning the 
individual components in their correct 
places and soldering down tm the 
printed circuit lands, Ths & a 
relatively straghtiorward job for any 
modeller who con solder property, 
although there are always chances of 
error which could lend to damaged 
components, Por anyore with littl: or 
no experience of soldering, or who 
finds soldering difficult t carry out 
neatly, kit construction # likely to 
prove troublesome, Thuis is partecularty 
true of multi-channel tranemutter and 
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receiver cincuits where a lange number 
of SOMPOOETES are involved, wsually 
very closely © 


The top ‘name’ makes of moult 
radio comin equipment do mot offer 
the same equipment in kit form for the 
very good regen that by renuning 
asscmbly within their own workshops 
they cin maintain their particular 
standard of quality control associated 
with all their procductom. On the 
other band, circuis with comparable 

formance are specifically produced 

ether manufacturers in kit form for 
home assembly. ‘The smaller the 
difference in price between a kin and 
the aver nice af comparable reacdy- 
or c nee the berces the quality 
the kit aed the degree of prepara- 

ton and prefabricutean t ensure 
foolprant assembly, as a general ruk. 


Crenerulisations are, however, miis- 
leading if accepted as a basic fact, 
Some kit desigas have a beter 
potential performance than some 
ready-made equipement with the same 
coverage, amd can achieve that per- 
formamnoc with reasonable care and 
attention during sssembly. im the 
other hand, the performance of a kit 


ienemitter of recenwver oin never be 
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better than the circuit potenmal, and 
the chances are that it will not achieve 
the full potential, This may be party 
the fault of the kit in that some of the 
individual components are tot ws food 
as they could be, or more likely the 
quality of the workmanship m com- 
pleting the ie by bome assembly. 
Over 90° of the faults in home 
assembly are due, direcaly or directly, 


Transmitters, more than feccivers, 
lend themactyes quite well to home 
construction, fram fully prefabrecated 
kits with hieh guality selected com- 
pancots. Design is seldom critical anc 
components ane seldom so crowded 
that soldering becomes a tricky opera- 
tion, The job of building may be 
reduced to that of mere positioning and 
soldering of individual component if 
omis are pre-wound of incorporsted on 
the printed circuit. Setting up and 
tuning ony tranmincr i also 8 
relatively straightforward process. The 
overall saving may be as much as 50° 
of the cost of a comparable ready~bnuilt 
transoutter, with the Kit price in- 
choding a suitable case and aerial. 


With receivers the saving & normally 
appreciably less. The heart af a con- 
reotional “muln’ receiver is the reed 
bank, which is am expensive item 
costing more than all the other 
COMpOnents put together. Thus a 
een kit, re pe bank, may 
appear VEry oe priced com- 
pared with a ready-made receiver, but 
add the cost of a firer chess peed bank 
and the difference will largely dis- 
appear, Thus a roceiver kit may cost, 
say £5 to £10 {less reed bank), 
compared with £16 upwards for a 
comparable ready-made receiver (with 
reed bank). The best available reed 
bank, a5 an extra to the kir, may cost 
fh, leaving only a small possble 
saving. There will be no saving at all 
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using an inferior type of reed bank for 
the neliakaliry—and thus che wefulness 
— WM the equipment will suffer, 


There is, however, the fact that o 
suitable basac design of fone receiver 
may be suitable for single-channel 
operat (with a relay) or may be 
equally well suited to accommodaming 
a reed bank (perhaps with a change in 
Volue of of of [WO minor com- 
ponents only). This offers the chance 
of startimg with single-channel, then 
adapting or converting to 4+, , &, 
10= oF [2-channel operation, simply by 
replacing the relay with an appropri- 
ate reed bank, Ciperating channels can 
then be added in relays and srandard 
servos; OF direct operation of tran- 
sistor-ampitied servos. 





It is undoubtedly true to say that 
eee have spent far more money 
regate, over a period, in buying 
ce cwest posible price multi equip- 
mont, replacing, changing, ¢tc., in an 
attempt to obtam reliable operation 
than it would have cost them to buy 
top-class commercial equipment in 
the first place. The minimum require- 
ment for complete control with motel 
airoralt is 8-chanoel equipment, which 
i the tarect to be aimed at initially. 
This means an #, 10 or even 12- 
Chane! rrarcmrter ao starting point. 
Any “economies” should be made on 
the mooaver aide, if necessary building 
op the sumber of operanng channels 
progercesively a3 finances permit. In 
this respect the relayless recenver offers 
the Besar proposition for, althowsh a 
complete relayless ooutfe is more 
costly because of the higher price of 
geryos With ampliiers, the initial oot 
of a [O+channel pecenver is not ¥ery 
much more than one covering only 
4-channmels. It is, in fact, the same 
poxiver with a l0-teed instead of a 
4-rood bank. 
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Fig. 35 


Siinilarly, receiver requirements are 
Identical for either relay or relayless 
operon. Both end at the reed bank, 
as far as the receiver circuit & ocodi- 
cerned. With o relay-type receiver a 
series of telays (one per channel) are 
merely wired to the appropriate reed 
bank comtcts and catput wires for 
servo omnections taken from the 
individual relay contacts. The relays 
are normally howied im the receiver 
case, but can be mounted as a separate 
‘bank’, With relayless operation, the 
aro crc wiring is connected 
directly to the reed bank, Fig. 34 
shows the four possible variations im 
‘erouping', the setaal receiver part in 
each caie being the same, 


The miajocnty of leading manu- 
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facturers do not, in fact, make relay- 
fype reed receivers any more. The all- 
transistor reasiver circuit is also vircu- 
ally the standard, rather than the valve 
detector followed by transistorised 
amplifier stages. Apain, although witial 
cost may be @ little higher, the all- 
(TENSistor receiver represents a con- 
siderable saving in che tem run on 
battery costs, as well ag battery 
reliability, With low voltage supplies 
only required for all-transietor circuits, 
the rechargeable DEAC nickel- 
cadmiam accumulstor has become 
virtually the standard form of battery, 
With many advantages over drv cells. 


The comparative meric of valve and 
all-transestor Iranmsitters have boon 
menooned in Chapter 2, Again the 
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cend t¢ towards the adopoon of the 
all-transistor type, although not neces- 
sarily bo the eventual exclusion of the 
valve transmitter, “The all-transistor 
Tanentier represen no increase in 
perionmance over the valve trans- 
mutter (ether than in berpery deren! 
andl the loner type has some advantages 
for super-fegen medal rer operatron. 


The siperhet receiver iu oa- 
douboadly the ‘prcerced’ ope because 
of it ommpertive fresiom from 
intertereice. However, it must in- 
evitably be more costly than its 
SUpeT-Tepen counterpart and so both 
rypes Will almost certainly remam in 
parallel production. Heth, too, are 
capable of comparable periormance— 
CEC as regards immunity from 
eee ae choice eae 
dictated by depth of pocket. Tt would 
be better to ‘save’ on receiver cost by 
buying & Super-regen type and spend 
the extra money on first class servos 
rather than buy a superhet receiver and 
cut down total cost by buying inferno 
ST VaR, 


With servos there is po answer but 
that of baying commercial units—and 
these of reputable make of reputation. 
Moncy spent on « ‘questionabic’ 
servo, even though it may seem a 
bargain in price, is money wasted, 
More than that, it can resulr in 
cxpemive damage to other equipment 
cried im the model if m fads to 
operate consispenty, 


About the only possible saving here 
is With regard toe servo mroplibers, 
necessary for ose with relayless 
receivers. [hese are comparatively 
simple cireuits and there are several 
excellent prefabricated kits for assemb- 
ling suitable serve amplifiers to save a 
pound or so compared with the covet of 
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the same servo bought with ampliber 
ready installed, Very little skill is 
needed to assemble and commect up 
these circuits successfully, However, 
bear in mind that the potential saving 
can disappear if one of a set of four or 
five servo amplifiers & ruined during 
aembly and has to be replaced 


As a general guide, typical cost 
breakdowns of multi-channel equip- 
mont art pine in the aocompanying 
tables, These dat apply to con- 
wennonal “bang-bane” multi control 
systems amd the basic requirement are 
itreducble—i,.c. there are mo cheaper 
ways Of arranging the system, such a 
by ‘doubling up’ to save § Servo, oF 
ubing inexpensive single-channel actu- 
ators—without considerably reducing 
either the efficiency or reliability of the 
SyEtem, 


Requirements, in terms of number 
ot channels needed, are dealt with in 
detail in Chapter 7 (for Aircraft) and 
(Chapter 9 (for Boats), where it will be 
seen thar the ddeanfaper of mulo- 
channel radio start from 2-channed, wp. 


Fully proportional radio control is 
an entirely diferent Prope cicy and 
here commercial equipment is supplied 
ae complete equipment embracing 
transmitter, roccver and marched 
proportional servos, usually pre-tuned 
and pre-wired Services covered are 
normally the same—proportional com- 
trol of rudder, elevators, ailerons, 
together with motor specd control 
[progressive or, dgmin, fully pro- 
portional) and trim commels (usually 
for elevators and ailerons). The choice 
is thus restricted to different makes of 
complere ours, wath prices ranging 
from about J180 upwards for con- 
rentional quadruple-proportional 
iy Sherry. 
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RADIO CONTROL FREQUENCIES 
AROUND THE WORLD 
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CHAPTER 7 


The prasary fying controls in order of 
importance arc: midder, elevators, 
ailerons, decomdory controls which 
thcrease the scope of manoeuvrability 
or the eme of maintaining control, 
again in order of importance, ure: 
chive speed, elevator trim and aileron 
(ar midder) tm. Primary controls are 
thoae required aif the time during 
fight. Secondary controls are those 
employed to alter a rim condition 
and are considerably less powerful in 
elect and lesa critical than the main 
fying controls. In addition one of 
more dixiiory controls may also be 
incoc porated in the complete svarerns. 
Uhese arc, basically, secondary con- 
trols such as nmouewheel steering, 
wheel brakes, faps which are required 
ant employed only on. specific, and 
lomited, occusicns, 


With conventional “multi” systems 
the primary controls are always self- 
neutralising fie. Fetuto to neutral 
comin Position on release of aegnali, 
with “bang-bang” action. Secondary 
controls are always progressive, i.e. 
inched’ to the position required. 


AIRCRAFT 
SYSTEMS 


Each separate control is operated vin 
ro channels, thus for complete 
coverage of primary and secondary 
controls 12 channels in all are needled, 
which is virtually the practical limit for 
réed equipment. Auuliary contrals, if 
added, are then usually worked by 
mechanical linkage paralleled to an 
existing a@ctuwtor. 
_ ‘Thus, for esample, nosewheel steer- 
Ing can be accomplished by the 
rudder servo, the one serve providing 
both control duties. Similarly, whee 
brakes weld normally be operated off 
ote position of the elevator servo ar 
elevator tim servo by mechanical 
linkage, This eliminates the need for 
having to employ more race channels 
ariel at the same time links the auxiliary 
SErveoe to a logical peiery control, 
The need for recoadary and, in 
Panicular, auxiary consol may not 
be immediately apparent. Certainly 
ane cin perionm a full rater of 
Manoeuvres, afd iaintain complete 
control, without elevator or aileron 
trim (and the latter is largely regarded 
a6 Leceary, anyway) However, 
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ening epeqd is 2 Imdet ioporcant 
contral and virtually indispensable. 
With « limited number conn 
channels available it becomes more 
Important than alerani—see later, 


The aumlary como covering 
shacring and wheel brkes arc mainly 
useiul from a ‘contest’ point of view 
where ground handling characteristics 
are important. They concribute 
nothing to flying performance, but 
ginct they can be ngeed without 
requiring additional channels (or 
separate servos) they are wiaoallr 
worth having. 

This comment applica partecularly 
co Wheel brakes where the model is 
fitted with a tricycle undercarriage ancl 
operated from a relatively smooth 
landing stop, such 23 a runway. Even 
ot ‘kee thromic thrust may well be 


Fig. 36 
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sulficsent after landing to keep the 
model polling indefimely, until it 
eventually runs Into some obstructne. 
Wheelbrkes in doch @ Gise are 
mvaluable to bring the model to a 
etamdsrill and steering equally useful 
to asset in taxying. They can be 
linked to a movement not normally 
required when taxying—t.¢. fall down 
elevator movement (8-channel) or full 
down clevanor wri (chanel) with a 
ticpele undercarriage. (Fie. 36.) 
Standard multi-channel radio is 
normally produced in 3-channel (tone 
filter only), 4-, &, 8, li and 12- 
channel versions, the cot increasing 
with the number of channel. The 
+, 4 and 6-channel Wurm cin only 
Offer jess than complete control and are 
really applicable only to model designs 
wich have a certain degree of inherent 


fire ioe 
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stability, and in thi freapect are 
similar to sitiele-channel R/C model 
designs. The 4, 10+ and 12-channeil 
bets are osutable for specialised 
‘multi’ aircraft designs. The one 
exception to this base rule w that 
pylon racers can be controlled succesa- 
fully on @ 6-channel system by 
diipenting with rudder contro] and 
using ailerons, elevator (or ¢levator 
trarti ) chime speed control. 
Satisfactory, if not complete coneral 
can abo be obtained with 6-channel 
ee on sititeble fer ening ovodel 
ee ee omitting rudder control, 
sof thas type represent the lenst 
eipeniivs proposition for mule’ fying 
and con heave a good, if mot com- 
prehensive performace. 


With all other types of RiC models 
the ridder is the one indispensable 
contrat although with a complete oon- 
tn system fenht channels or merc, 
it is Virtually required only for take-off 
amd poothly dunng the landing 
approach and hardly wed at all during 
actual flight, Anything less than com- 
plete conrad (i.e. six channels or legs} 
aunt incorporate rudder as first choice 
and compromise on the other require- 
mens which arc oot always primary 
comtrols, Thus with three or four 
channels the beat choice & oormally 
rudder plus enjine speed control as 
giving the moet “conmmollabie’ systom 
with the best scope for manoeuvre 
biliry. 

With a 6-channel system, rudder 
and engine speed plus clevator comtrol 
usually produces the best results im 
tern of comrollabiliry and scope. 
This will enable a full range of 
manocuyres to be performed in both 
normal and inverted fight up to, but 
not including, true rolls (although 
‘paeude polls” may be performed 
using aitiele-channel control tech- 
niques. With eight channels available 
fileron contr can be added giving a 
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completely controllable and fully 
manmocurrable model. The only limita- 
Ins On manoeuvrability are then due 
to limutations in the aircra/r design, 
and/or lack of engine power, As 
regards the lamer point, the more 
complete the contral system the more 
necessary it becomes to huve plenty of 
engine power available to take advant- 
age of the scope for manoeuvring. 
Thus ct better to have an over- 
powered rather than an under-powered 
model, particularly as wrth empine 
speed contrat it is met mecestary to fly 
at full three all the wme. 

Any additions to the oormal #- 
channel systemi—rudder, elevators, 
engine speed and ailerona—are more 
in Ehe nature of refinements than 
facery comirols. Elevator trim is 
highly Sesirabbe #3 Promoting smoocher 
fying by enabling the model to be 
taimmed out for a particular flight 
path i the pitching plane. For 
example, to bold a model in inverted 
Hight @ certain amount of ‘down 
elevator power will formally be 
neceisary. With an 8-channel system 
this is only peasible by ‘bliopene” the 
aoan elevator control, resulting ima 
‘eneppy’ form of figh: With elevator 
trim control via the extra two channcis 
the tequired amount of down elevator 
77 60bold 9 smooth steady inverted 
flight path can be inched on. 





Aileron for rudder) trim via 4a 
further two channel (making 12 
Channels in all) os bess of a virtue, It is 
useful te trim out a natural turn, such 
as induced by warps, but this can also 
be dome by adjusting the sadethrust 
itng Of the engine, In fact 12 
channels docs mot make it possible to 
achieve anything more, or better, than 
can be accomplished with 10 channels, 
lt does, however, offer possibilities. for 
further refinement, at the expense (in 
terma of both weight and cost} of 
carrying another servo, Orher podsible 
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uses, aitermative to aileron or rudder 
trim are for retracting and Jowenng 
the undercarriage, or operating flaps, 
as offering relinements in yang con- 
trols: or for “novelty” services, such as 
‘bomb" of parachute relesse gear, 
comming & camera mounted in the 
model, and 20 om. 


The only justifiable reason for 
cepting less than cight channels for 
‘multi’ operation is one of cost. 
Equally, if 1s not possible to extend the 
service coverage af a limited number 
of channels by using single channels 
to operate a particular control without 
lowing much of the advantage of 
‘moult’, It may be possible, im theory, 
to allocate, say, a 6-channel unit to 
operate; 
(i) rudder via two channch, 
fin) elevators Via two channels, 
(ii) dilerons via one channel in 
typical ‘single-channel’ 
sequence, 
(iv) engine speed via ane channel, 
if the same manner, 


In practice, the * sangle-cheanne 
tion of services (ili) and (iv) = unh ly 
to prove satisfactory; and the same 
comment applics to any other com- 
bination involving departure of 2- 
channel operation per service, 





Fig. 37 
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With a (+channel system there is, 
however, the posaibiliry of ‘coupling’ 
rudder and ailerons so that both are 
aperaes together by the same (rudder) 

. Chis can be done simply by 
wiring the aileron and rudder servos 
in parallel, provided the circuit 
capable of supplying the mecesdary 
current to operate both servos to- 
gether (Le. ‘coupling nm ths manner 6 
usually best with a relay-Type receiver 
ming @ seperate servo battery which 
can be of sufficient capacity to with- 
stand the higher current drain for 
paralleled operation.) This, af course, 
is cooly a compromise solution for 
simultaneous aileron and rudder move- 
ment & not always desirable. With 
‘full house’ multi, in fact, only the 
dilerons are normally used for turns 
and about the only application of 
rudder during mormal manoeuvres 
would be to mduce a spin followmg a 
stall (and even that may be done on 
ailerons only), Thus a coupled aileron 
and rudder system may prove an 
embarrassment, or give over-control or 
even ‘crosded’ control response at 
times, particularly if the rudder 
POWER Eb eXCessiVe. 


Another alternative for ‘extending’ 
a 6-chamnel system would appear to be 
using aileron instead of rudder control, 


ELE TOR Soe" Pale! Alle 





SO TES) CoO a 








Dot again this seldom works oi 
eatishactacily In Practice, cxCe, af 
previously mantoned, in the cose of 
pylon racers. Virtually all the possible 
combinations for ‘iexproving" restric: 
ted service “muln’ have been tied and 
found backing in ome or me TeEpActs, 
‘The recommendations given in Table | 
are bated on sound practice and 
selected as giving the bear overall 
performance (controllability and 
manocuvrabiliry) with the number of 
channel specified. 


With am channel system the 
porssiealaty af extending the control 
xs coverage docs brooms practical, 

by wining up the gileron and 
rexicies SEFVOs 88 GieMunite services. 
Rudder is then made ayoilable with, 
say, full up elevator trim—oorrecspand- 
ing fo the ‘tom’ condition when 
pudder is most likely to be deed. When 
the elevator trim ‘omitrol Is moved 
away from fall ‘up’ the rudder serve 
cirewt @ driconmected and the ajleron 
servo circuit switched in im place— 
Fig. 37. This can be done using a 
micros witch with two sets of contacts 
operated by the elevator tim move- 
ment, Thus @ “full hogse’ complement 


of controls can be provided with only 
eight channelsa—elevator, elevator trim 
and engine speed being operand by 
gx of the available channels; and 
rudder or ailerons by the remaining 
two channels, dependin on the 
position af the elevator trim coovtrl, 
This is a particularly usefal adaption 
af commercial tone filter radio where 
the possible number of channels is 
limited t @& maximum of cight, 
With a reed receiver normal 
ichansel operation would be a 
logical choice by conversion of existing 
B-chinnel equipment if necessary 
(eg. adding two oor tome channels ta 
the traminutter and replacing an cieht 
red with a 10 reed bank in the 
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le & parbcularly important, and 
thas worth repeaunge, that the full 
potential of ‘multi’ control is realised 
only by using mmo channels per 
Comin service required so that selec- 
ton of a parthcular control movement 
in @ reguired chirecton is direct and 
(virtually) instantanoows, Bach eottrol 
gery moe then powered by onc 
‘mult servo—Fig. 38. Thos the 
number of serves required are equal 


eo the muomber af pricy and secomd- 
ary controls to be operated; and the 
gurmber of channels pravided by the 
Transttacber-Peceiver combination must 
be equal to twice the number of 
primary and secondary commol. 

As far as grouping af controls for 
SITUGnCOUs Operation & concerned, 
S0Me COMUPTOMAe Bs uxiially eocs tary 
acommding to the number of simul- 
tancous groups available, With peed 
races snmMUtEncoUs operation is 
normally confined to two groups of 
four, five or six channels cach, for 8-, 
10+ and 12-channel receivers, respec: 
tively. With tome Glter recernvers there 
my be two of three simultaneous 
groups, depending on the design of the 
trans oMetcer. 

The main requirement, as far as 
fiving «@ concerned, i for simultaneous 
operation ot milerons and elevator, 
which would thus be allocated to 
Separate A trim control would 
ever be required at the same time 24 
the same main control, so can be 
placed in the same group (c.g. clevaror 
trim im the same group as elevator 
control). Engine speed conctral would 
mere likely be needexd simultanecisly 
with ebevators tia ailerons of 
a Woh be grouped with the larer, 
If necessary to split, then ‘fast’ engine 
wold normally be associated with 
elevator and ‘slow' engine with 
allerons (ew. om a IO-chendsel aparece. 


Fig. 39 
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Typical recommendanons are wum- 
marised in Table I, 

With a reed receiver there is aloo the 
posibilicy of inter-action between 
adjacent reeds, Thus whilst allocanon 
the reeds is normally based on 
adjacent pairs, for convenience, the 
distnbution of the pairs would aim. at 
reducasg the effect of possible acci- 
Ocotal ‘samiltancous’ operation or inter- 
ference with simultanequs operation. 
Typical allocation schemes are shown 
in Pig. 3. Thus whilst simultaneous 
operanon at tan ddpacent reeds mm the 
middbe of the bank may possibly cause 
the receiver fo chatter this likehhood 
BS rcetricted to a combinaion unlikely 
to be called for in ctice—t.f, 
SUMMITS operation of ailerons. aod 
engine speed, 

Power for damier control opera- 
tion is normally derived from mechani- 
cal linkage to an appropriate servo 

ovenng one of the primary controls, 
a even Hirectly to Pane surface. 
‘Thus in the case of a steerable tail- 
wheel, steering can be accomplished 
by linking the tailwheel direct to the 
rodder—Fi ig- 40, This diagram also 
shows how braking cat be applied te 
the taibwheel, operated from mechani- 
cal loukape comiectied to the elevator 
ao that * up elevator position also gives 

‘brake on’. ‘The fect that “broke on’ 
aleo applied during every ‘up’ elevator 


THoveretnt fight is immaterial 
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as it does not affect the working af the 
fving control, provided the servo is 
owen) enough for the job and the 
rake linkage movement Ginnot pam. 


[In the case of nosewhee! steering on 
a cicycle undercarriage, the steering 
linkage is normally taken off the rudder 
seryo—Pig. 41. ‘To relieve this servo 
of shock loads transmitted through the 
nosewheel wot rimming over the 
ground @ spring of springs may be 
incorporated in each push-pull link, 
atthowch this is mot invariably done. 
Braking, applied to the maim wheels in 
a tocycle undercartiace systoam, would 
be taken off the elevator servo move=- 
ment, pulling pads into contact with 
the wheel tyres as shown in Fig. 42, or 
providing the necessary ‘pull’ action 
to operate hub brakes on specially 


Fig. 41 
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designed wheels, Again some flexibility 
i the ‘pull’ linkage is desirable in 
order to prevent the full ‘on’ movement 
of the brakes acting as a rigid stop for 
the full movement of the elevator 
servo. Chis may be given by using an 
extensible spring in the ‘pull’ linkage 
or an ‘elastic’ pull line, such as thin 
nybon ecod_ 


Aareraft design largely falls into two 
distinct types. These intended tor a 
limited runge of controls—i.e. less than 
S-chamne) operation—normally follow 
a basic layout similar to single-channel! 
RAC aincraft with a preference for hgh 
wing or shoulder-wing position and a 
reasonable dihedral angle to promote o 
certain reserve of imberent stabiliry. 
The more advanced sercbatic models 
Intended for “full house’ mulo gesecrally 
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Fig. 42 


favour the bow wing layout as being 
capable of “zeroing out’ in trim—dLe. 
the stability margin is virtually reduced 
to wero 0 that the model will tend to 
remain in a partecular fight path to 
Which it is put by coptral movement 
when that control is mewtralised, JA 
model with inkerenr stabiliry under 
Himilar Circumstances would ‘recover’ 
bo im ane specific felt arotide with 
neutral contral positions, The 
advantage Of a “zeroed out" trim 2 that 
continual correctson & not required to 
faintait a parteculor flight path, thus 
making for smomher flying. Also, with 
po mserye of stabiley, displacement in 
manocderes i faster and amoother 
ance there is 0 bualt-in design factor 
opposing displacement, On the other 
hand, i becomes virtually impessible 
to Ay a model with meutral stabiliry 
WILhowt Gompeetbe contral available al] 
the time. Equally, it is ‘Virtually 
impossible to achieve complete neutral 
statiliry unaber all condimons, so that 
mm controls are stil required for 
smoothest performance, Thm m also 
Where proportional oostral systems 
score in providing coninnuods pro 
portional control movement, as 
required, and placing bess ons on air 
exalt design and initia] trim. (Fig. 43.) 
MCA 
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"Multi" aircraft design, a such, has 
become largely standardised after a 

erod of “tral ane erroc* development. 

1th “full howse” contre) complement, 
virally any model lavout can be 
llown successfully by an experienced 
pilot amd ict is only the manner in 
wich it can be made to perform 
qmndard manceuvres andor is peneral 
handling characterisucs which are 
affected by diflerences in aerodynamic 
layout and detaal. In particular, the 
behaviour of the model when turning 
and rolling will largely be determined 
by the aeroclynamic layour and shape 
and proportions of the movable comnnal 
surfaces. Models which deviate 
markedly from the conventional “aero- 
batec’ layout may well suffer some boss 
of muainoecuvrabdbey, or have ‘awkward! 
flying characteristics. Even quite small 
detail difference: con have their effect. 
Thus the swept back rudder hinge 
line characteristic of modern designs 
snot merely for @ Matter of appearance 
and can well prove beneficial ono 
‘Lmuted* multi installanens where 
ruacier is used continually a a 
primary control (on ‘full hese’ opulti, 
ruckher is hardly weed af all, but is still 
retained as a primary control), 

Por best aerobatic performance 
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relatively thick wing sections are now 
normally favoured (eg. 18"), sym- 
metrical or near-symmetrical in profile 
to equalme normal and inverted thing 
characteristics. The particular acro- 
dynamic advantage of the thicker wing 
is that flying speed is leas liable to 
rapid acceleration and deceleroipons 
through manocuvres, making the model 
easier and smoother to fy, 


The critical manoeuvre a5 regards 
inherent handling characteristics p 
usually the true span, It is possible thar 
the stabiliry margin of the design has 
been so fediced that cooiplete tt- 
atabilicy is produced in a spin, making 
recovery very delayed, or even im- 
podsible even aithough all control 
movements are available, On the other 
hand a nomber of modern high- 
performance low wing scrobatic 
designs are particularly reluctane to 
epin with normal control movement, 
In such cases it may be meceseary to 
provide for additional up elevator 
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TPC to initiate a spin, this 
‘rermide movement being only avail- 
able when wanting to start a spin—<.g. 
normal ‘gp’ elevator controel appbed 
with the engine in “slow" throttle 
Position. 


The necessary override movement 
can be prowided by mechanical linkage 
coming into effect only when full ‘up’ 
elevator 1s applied in the “slow' throctle 
posalion ; or, more conveniently, by 
arranging that with this erage 
combination of control signals an 
additronal switching circuit is brougha 
inte effect an the elevator servo board 
allowing the servo motor to override 
its normal ‘stop’ position and produce 
a Jonger than usual movement of the 


output arm, Uhois entails a special 
design of servo switching board 


incorporating ‘overdrive’ which, trpic- 
ally, gives about twice the normal “up 
elevator movement under specific 
concdetions. 
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CHAPTER & 


All “ovulti’ gircraft installations are 
basically sumiar, diftering only m the 
number of channels available, and thus 
the mumber of individual servos 
ctilled Normal “full heise’ com- 
priscs 10 channels with five servos 
controlling rudder, clevators, ailerons, 
engine throtthe and clevator trim, cach 
service caotraled by tts own seryn, 
Aunliary services, such a nosewheel 
stecning and brakes, are mechanically 
linked to the rudder servo and 
elevator or elevator trim servo, respec- 
evely {see Chomter 7), The basic “full 
house” installation shown in Figs; 36 
anil dl is this descriptive of any multi 
installation, merely omitting the 
poopie control[s) and servos) 
Where lees than 10 channel & 
available, 

The typical ‘evuli" servo is rectangu- 
lar in shape with the casing designed to 


AIRCRAFT 
INSTALLATIONS 


provide for fang: mowing with holes 
In the flanges large enough to accom: 
moxtate rubber erommect.—Fig. 45. 
[t intended to be fastened down to a 
nied mountt—eg. a cpa ply tray or 
servo board in the fuselage, or a ply 
faciog on the side of the faselage—with 
the mounting bors passing throws thse 
mbber groqunets without making 
mictal-to-meetal conract with the case. 
These bolt: are then tightened up 
emouch to provide a reasonably mend 
fixing, but at the same time not 
over-hehtened so that the shock 
absorbing propernics of the rubber 
procmets is destroyed “Ta locate the 
servo poctively against fore and ait 
movement, bulsa ot bardweod sinips 
may be cemented to the servo tray 
Lmmehiately im front and behind the 
servo. This is parthcularly effective in 
preventing fore and aft movement af 








MULTI CHANNEL RADIO CONTRO! of 





Fig. 45 


the servo due to Wbration with a ‘set 
retin but bs by tm? Means une 
wersally esaployedt 

With the smaller lightweight serves, 
bonded meantime Gin be used success- 
fully. Here the servo is glued a 
rectangle of neaprene foam mibber or 
aimtilar rigid foam ceabertal about | im. 
thick and thence giued to the fuselage 
or eerve trv. Gluing to the side of the 
Pusclage is preferred ince this gives 
the greatest bonded surface area. An 
impact adhesive is used for bonded 
mounting (eg, Evo-Suk). The mount- 
Ing i “permanent, but a bonded 
servo can readily be removed by 
pecling back a commer of the rubber 
rount andl running a bitthe solrent such 


Fig. 46 


es ether into the crack so forme, ‘Ths 
will immediately saften the adhesive, 
alkvwing the servo and its mounting 
pad to be peeled off It can be 
refastened by gluing again a5 §00n as 
the solvent has. evaporated aff, 

Servos are normally mounted in 
Props on @ tray (or on the fuselage 
srdes } in thee centre of the fosclage near 
the balance point of the mode]—Feg. 
46, With tay mounting the whole tray 
can be positioned fore and ait, as 
required, to achieve correct balance 
after the servos have been mounted. 
The tray itself must be firmly ghoed 
and/or screwed in place so that it 
cannot break loose tn a heavy landing. 
Rudder, eleyaror, engine throttk and 
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elevator trim servos comprises the 
fuselage group, The aileron servo is 
invariably mounted in the wing centre 
section. To simplify installation of the 
fuselage servo a the tray may 
CMDpSC creut board 
(preferably gre bre laminate 
rather than Paxolin for ercater 
strength). The printed circuit i then 
deaigned to accommodate all the serve 
wing fopether with a socket for 
Pluggmg mn the receiver and batteries, 
A printed circuit tray is somewhar 
heavier than a ply oray, but dos 
permit a nest, integrally wired instal- 
lation which can be fisted or removed 
complete merely by coupling of 
uncoupling the pushrod ends, 

Each individual servo has a number 
af wine: emerging which are normally 
best terminated tt a multi-pin plug to 
commect with a matching aocker. All 
the sockers necessary to accommedate 
the different servo plugs can be 
mounted together (e.g. on the servo 
tray} as the power beads to these Gun be 
Commoned, Many experts, however, 
prefer mot to fasten sockets but alkew 
the Plug and socket assembly to lic 
freely within the fuselage. The number 
of imdiviival seryo wires imvalred 
varies with the design of the servo. 
Thus an S-wire servo ‘coble” is 
typical of a conventional mult servo 
for use with telay-type receivers, and 
a wire cable with transistor-amplified 
servos for use with relayless reccivers 


Fig. 47 





and a centre tapped battery. Other 
TvoS May Operate on simplified 
wiring. Some typical examples are 
shown in Chageer 4. 

The power supply is provided by a 
separate (serve) battery, With the type 
af servo amplifier requiring a 1-5 volt 
‘rigger’ supply this should also be a 
separate battery and not, for example, 
the same battery as used for the low 
Tension supply with a valve-transistor 
receiver as this could cause interference 
with the receiver operation. Physically 
ths can be accommodated in a sae 
battery with suitable tapping poin 

Any switthe) incoarperated in 2a 
arcu shouki be a good grade of 
toggle type rather than a slide type and 
hecoted im a position on the side of the 
fuselage where they cannot be 
smothered with oil from the engine, 
Wirng runs should be kept as short as 
practical, bur with a reasonable amount 
of slack at the terminal ends to avead 
any pull on soldered connections, Ends 
shold be sleeved and, where arrached 
fo a switch, a loop of slack wire should 
be formed in cach bead and bound to 
the body of the switch os shown in 
For. 47. Plogs ane sockers should also 
be held together positively with a 
rubber band, if possible and every 
Precaution taken to ensure that no 
cldered joint o& subject to any 
possibility of being pulled or strane 
under vibration by a wire being toa 
short and tight. Any additional wiring 
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Fig. 44 


required should be done with ovulti- 
strand insulamed wire {e.g. 12/004 of 
140076) and all connections to be 
made soldered, taking cure to make 
perfect pints. Under no circumstances 
should twisted up or serewed 
(rerminal) connections be geed as these 
are very likely to failure woder vibra- 

All parts of the servo which are beld 
nogether by serewe—c.g. seli-tapping 
screws holding the servo printed 
circuit awitching board in place, or the 
cover in pesttion—should be locked 
agit Vibrathon with a coating of 
suitable glue (e.g..an impact adhesive). 
It is also a wise precaution to bind rhe 
servo case with cellulose tape os a 
double precaution aganmst (arenes 
working locese. Servos which rely on 
grub screw fixing for the output arm 
on. it sMindle arc mot reliable unless 
the screw locates on a Alar on the 
spindle and B alo seourely locked 
with ‘goo’ (eg. thread locking 
cement), What may appear neciy 
reliable set up on pie be 
to failure in actual ose unless every 
precaution is taken to emsure that 
Vibratian cannot causes any lposening 
of fastenings, obc. 

The mechanical linkage required vo 


connect the serva output arm. to the 





appropriate comin surface & com- 
paratively straightforward A rigid 
push rod i invariably used to connect 
the rudder or elevator servo fo i 
respective control surface, comprising 
& Jength of hard balsa of adequate 
section (} in. sg. an models of about 
48 im. span; f in, sq. on larger moxtels), 
with wire end fittings bownd in place— 
Fig. 44. To ensure thar the push rod 
end fittings cannot jump out of place 
it i essential that they be fitted with 
keepers, as shown, The soft wire 
binding holding the keeper wire & 
mmetimes omitted, but is always bear 
used as an addinonal precaution. An- 
other important point is that the wire 
end fittings muet be securely and rigidly 
bound to the balsa rod, with the ends 
tumed into the balsa to prevent any 
poacibilicy of fore and aft movement. 

In the case of the throrde linkage it 
is ot wsialhy possible to cary a 
square section balsa rod forward and 
sod thin, sail wire push rod is morcreally 
employed—Fig. 49. This can be 
supported against bowing by running 
in @ length of tubing with a fairly 
generous clearance—tig. an 16 s.w-g. 
piano wire push rod should be run in 
[6 s.w.g. (bore sine) brass tubing. 
Ideally, the amount of movement of 
the throttle apm should correspond tm 
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the full travel of the seryo arm, burt 
differenoss in the two movements con 
be acoomummdated by adopting suitable 
‘lever arm’ lengths at each end, There 
Is, however, the point that the acral 
throttle atm movement may be varied 
by adjusmment of the throrie stop, 
Any difference in movement can be 
accommodated by allowis a suitnhle 
umapperted beneath of the operating 
wire to Hex or, alternatively, by 
fitting a compensating device in the 
opcritng ware length, For Hesxing 
aonon, which is by far the simplest 
itringement, a fairly thin wire & 
reguired, or aitcrmanvely Bowden 
eile can be used, provided the 
tubing is carried well forward so that 
the cobbe canment bow excessively on the 
“push” action. Operanng kacds on the 
throttle: movement are normally very 
light in any case, 

Coupling wp the elevator rin servo 
is basically an exercse in geometry, 
Two different methods are shown ot 
Fig. &). The priserple is the same in 
each cas, terminating both the cleva- 
tor serve lmk and the elevator trim 
servo link on a bar or lever and taking 
the link to the elevator itself from an 
intermediate position on the bar, 
Movement of the efeoator seryo then 
comes the bar to pivot about the 
elevator trim link pout, the elevator 
puth rod being positioned a suitable 
distance from this poine to provide the 
occisary throw for full elevator 





morctient required, Movement of the 
ceTacor cree serve prvots the bar aboot 
the clevyatot seryo link, The clevatar 
mish rod being ovich closer to this 
pont is then opersted with Jew 
Leverage fo produce a smaller ‘trim’ 
movement. Equally, the same cbeyator 
maremcnt @ achueved via the elevator 
servo regardless of the posited of the 
bar as moved by the ‘trim’ servo. 

To accommodate the necessary 
movements, the har itself must he 
frecly floating, a simple solution being 
to arrange that cach end is guided but 
free to slide in grooves, A neater form 
at finkage is shown in the second 
diagram, accommodating the linkage 
down the side of the serves. The 
syalem dispenses with the need for 
guides, 

In all cases the actual amount af 
comirol movement produced is 
function of the servo output anm 
travel and the effective length of the 
comitol born (or bar woth elevator) 
elevator trim Hnkage). Ir is o simple 
matter to adjust the amount of conceal 
movement by selecting different 
Pesations for the push rod at the 
control form end. The amount of 
mivement required will vary according 
t the model design and engine 
Power used, But typical recomenet- 
dations arc summarissad in Table I, 
Note in particular how o very small 
movement is pequirsd for clevator 
rim. Since this i @ “progressive” 





contra, amd thus its position can only 
be observed by the effect it has on the 
model's performance, an excessive 
movement should meyer be osed, It 1s 
gcricraliy beet to adjust, os necessary, 
so thet fall ‘down’ trim corresponds 


tr the amount of down elevator 
necessary fo maintain level mverted 
fight, Ic is then only necessary to 
hald on down elevator trim for about 
a second on going inverted to ensure 
Correct trim, without having to ‘feel’ 
for the required trint, 

With the aileron servo mounted in 
Che centre section of the wing and the 


Fig. 51 
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necessity of accommodating the push 
rods within the wing profi, o then 
wire linkage is normally employed— 
Pig. 51. Thos can be supported against 
bowing st intervals, a5 necessary, by 
small bushings, Phe ush-pull move- 
met of the serve is finally translated 
inte aileron movement via a bellcrank 
ond a short Link conmecting to the 
fileron horn at cach end, Ry offsettin 
the bellcrank, as shown, differen 
alleron movement can be achieved. 
Differential movement simply means 
that the ‘up’ travel of the ailerom is 
greater than the ‘down’ movement, 
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Fig. 52 


This ss desirable since whilst a down- 
ward displaced aileron increases the 
wing, Lift on that side it also increases 
the drae., Thus whilst the increased 
litt induces o poll or bank, the extra 
drag tends to s¢ et maton by 
yawing the asda tn the opepenite 
direction, Also the acting or rolling 
effect of large downward moyernent is 
not much greater than that achieved 
with only moderate displacement 
whilst the yawing effect increases 
directly with daplacement, Thus a 
differential movement giving about 
13-20 degrees down and 25-30 degrees 
up Ba mock more effective contral 
than one with equal gaileron move- 

ments op and down. The actual 
power of the ailerons it then decided 
by their area, 5°, of the wing aren 


Fig. 53 
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being a typical fheure for producing 
slow, smooth rolls with abouwr 30 
degress up and 20 depres, down 
movement, athoogh more powerful 
gierons may be wed on highly 
aceobanic mdbels, Opticnum propor- 
Hons (and morements) are dependent 
noo large extent on the overall design 
Of the aircruft. 

Sip ailerons are mow more favoured 
than conventional inset aiberoms for 
gerabatic models, the aileron bemg of 
narrow chord and hinged directly to 
the trailing edge af the wing—Fig. i. 
Typical area for a strip alleron is 
7") Ot the wing area (each aileron) 
with a movement of 20 degrees up and 
20 degrees down, Equal up and down 
moverment may be eorployed on stip 
ailerons, for convenience of linkage 
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Fig. 54 


desien, when adverse yawing effects can 
be reduosd by limiting the amount of 
movement and by tapering the chord 
edt the a towands the Lips. | 

Anurt from representing a simpler 
constructional jab (stip aileron arc 
cut from sheet balsa and can be hinged 
to the wing after covering) linkage 
lengths can be reduced to a mininvwm 
since they can be attached to the 
inboard ends of each aikeron, oear the 
werve. A straightforward mechanical 
linkage system cin be used, of the 
push-pull action of the servo trans- 
ferred directly to each aileron born via 
ul short length of Bowden cuble 
running in a curved brass tube. Thee 
latter is particularly suitable for ose on 
emaller models, Both types of linkage 
are illustrated in Fig. 32. 

The essential fearure of any control 
linkage is that it should act freely 
without binding or distortion, with o 
minimum of slack movement. Where 
bellaranks are employed these are best 
made of nyloo—e.g. a cut down anal 
size contd line model bellcrank— 
ines this material is virtually free from 
‘bearing wear’. Aluminium bellcranks 
tend to develop elongated holes beading 
co comtrol surface chatter duc tt 
excessive slack movernent, If bell- 
cranks have to be cot from abect 
material +), in. Paxolin should be weech 
This is also suitable for the trim bar, 
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The freedom of movement of a 
contrel will aleo depend to some — 
on the type of hinge employed. Tape 
hi control line syle, are still 
witels used, but thread hinges are 
generally to be preferred—aee Pig. 53. 
The type of hinge 1s pot all thot 
important, it operates freely 
without ‘charter’ berween the two 
suiriaces, er is long lasting. Hinges 
which hove become weak or loosened 
hood immediate replacement. Other 
parts of the contral linkage also nocd 
a inspection to check that all is 

and that anchorages have not 
become lowacoed—e.g, particularly 
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control horns and bellerank pivots. 
Property installed however, u well 
designed linkage system should give 
long, trouble-free serviee. Tr is as well 
tO spend time on getting the linkage 
right in the first place ane eliminating 


all initial or potential sources of 


binding, etc, 

The modem relavless receiver rep- 
Rescaté very limke problem for mount- 
ing and is largely shock and vibration 
pret exoepe for the reed bank, 
Adequate shock protection is normally 
provided by wrapping the receiver 
roind with | in. of | im. thick foam 
rubber (or prelerably processed “horse- 
hair’ type ingulation) held in place with 
rubGer bands, The receiver is then 
amiply placed in a suitable compart- 
ment in the fuselage, usually forward 
af the servo tuy—Fig. S41 The 
receiver should be quite a loose fit in 
the compartiient made to take jt 
when spare space cin be filled with 
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foam ofubber again, fairly loosely 
packed but tight enough to prevent the 
recenver trom meving about. 

The insulation will still noe isolate 
the reed bank completely from vibra- 
on, But any stray vibration effects 
ell reaching it can be minimised by 
locating the receiver in such an attitude 
that the reeds in the reed bank hang 
vertically downwards. ‘This places 
them im @ poution where they are 
lenet likely to be affected by vibration. 
similar comaderutions apply to a relay 
type receiver, A vertical position, with 
the relay atoeatures andl reed bank 
hanging downwards should produce 
the least effect from vibraten, With 
tone hilter recetvers the mounting 
POSITION & Wmporiant, unless the 
receiver ta fclay type when the same 
considerations apply. 
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CHAPTER 9 


In the case of a model power boat the 
functional requirement for complete 
comiral can be grven by four channels. 
Two channels are weed for direct 
citing of ridder, using “bang-bang’ 
operation with self-centring on release 
of signal: and two for motor apeed 
control Via & Progressive servo. Sonul- 
NINOS Operon is not required, por 
m this feature normally available on 
4-channel equipment, 

Since bt boat operition is 
comiuctad at o slower rate, with 
slower response times and movement 
in only one plane to deal with, 
practical abeeriae is ao possible with 
progressive ection on the rudder 
servo, Inching on the amount of rudder 
required, as judge by the oe - 
the model, Hpus cpecracateg 
“peeuda Sropertional! cyeeI with 
conventional ‘mulh* equinment. This 
4, however, only practical with slow 
apeed boats, and even then has definite 
lomitanons. Por all fast power boats 
(i.e, those powered by diesel or glow 
moter}, normal “bang-hang" radder 
control ‘with self-centermg of. re 
of signal is easential, unless one is 
prepared to go to the expense of truc 
proportional radio control, 

The koad on a boat rudder is 
approgably greater than that on an 
necraft contral surface, calling for 
powerful servos in the cme of high 
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speed craft However, rudder lacs 
can readily be reduced by wsing o 
‘balanced’ rudder—ie, a rudder shane 
wher a certain proportion of the 
rudder areca comes in front of the 
pivot—aece Fig. 55. For complete 
balance, and with a flat plate rudder 
section, the pivac point shold be 
about one quarter to one fifth back 
froma the leading edge so thar some 20 
to 25 per cent of the total rudder arca 
comes in front of the pavot. In practice 
tis should reduce rudder loads to a 
very bow level with very bitte reduction 
in rudder chhcency. I the pivot pont 
is located ton far back, however, the 
tudder will be overbalanced which, 
whilst assisting the servo when moving 
ton displaced posimon will oppose the 


gerva oe when bemg returned to 
3 "Tt Ls desirable to ws¢ 4& 
balanced jalwags a high acd craft, 


Am aircralt type servo is also desirable 
for short tramsst time $0 that rapid 
response can be produced following a 
sigmal, With Gaaes speed craft eile eine 
cine becomes less important and 
‘OEne Servos are senectomes pro- 
duced with high reduction gearing in 
order to obtain a higher output force 
at the expense of incressed transit 
Ente. 

Basically, therefore, as far a5 marine 
rudder contrel i comeerned a serie 
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Fig. 55 


is essential to obtain the mecessary 
power for movement, and should 
preferably be operated by two channels 
for direct signalling. It is practrcal to 
use a sane channel only for rudder 
conerol via o single-channel motorised 
actuator (not af cscapement); and a 
second channel for motor apecd and 
limit the radio equipment to two 
channels. This will not, however, give 
any advantage over straightforward 
single-channel operation for both con- 
crols se toe aac “i oe ted in 
sequence br 4 channel actuators. 
This c can be dane equally well with less 
expensive singbe-channel radio and a 
enn actuator (for rudder) and a 
secondary Acloator on Sequence 
SWHIle of engine speed) 

with 6 high nie boat powered by 


Fig. 56 
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a diesel or glow motor, direct signalling 
of rudder via two channels i cusential; 
together with engine speed comin 
vie cither one channel (prving sequence 
change-over from fast to slow) or two 
channels (normally progressave Scuon), 
Four channel signalling is definitely to 
be preferrod—Fig. 5. 

Two channel operation of the 
engine throtth: via @ progressive servo 
enables a full speed ringe to be 
achieved from ‘slow’ to ‘fast’. It ot mot, 
however, possibbe te arrange for “stop 
or “reverse” with if¢ engine power 
without going to the additional com- 
plication of a special gearbox with 
forward-neutral-reverse postions 
selected by mechanical movement, 
which movement would meaquire an 
additional two channels and separate 
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Fig. 57 


serve to operate, if separate thromling 
action wes still pequsred via the 
normal engine throtile unit. The two 
actions could, hewever, be combined in 
a sutteblc gearbox unit so that the 
Dat “Mchng movement sway from 
‘negiral’ would engere gear and 
further movernent progressively open 
the thromke with gear held engaged, 
Nothing like this—or even a. basic 
gi Unit—has so far been pro- 
diced commercally and so for mice 
practical purposes ERIC control of 
mare ic engines is confined purely 
ro engine apeecdl control, 

With eclecric motor power the 
poesibiline: for speed control are 
comsidemibly enhanced. Again, how- 
ever, few commercial control units have 
been produced and such devices ore 
nonmaly designed ani made by the 
individual modeller. The requiressents 
are basically straightiorwaord in theory 
although the mechanscal solirtions 
may preecnt a number of tricky 
problems to be worked oat. 

Fig. 37, for example, shows the 
basic requiremenis for a simple vet 
CUMprenensive speed control for an 
electric motor dnve, operated by a 
progressive ‘multi’ (two channel) actu- 
ator. Wiper movement & controlled by 
the serva, which showkd be a slow 
PUnnIn Ope for preterenice (Le. with a 
loner tramsit time than is usual for 
model sircrait). In is md posioen the 
Waper breaks the motor circwit, comes. 
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ponding to ‘stop’. If the serve is now 
imched in the “forward" direction the 
motor crowt i completed through 
che Wiper funcing onto the cod af 
resistance wire Kl. Further inching 
of the servo in the same direction 
progressively reduces the value of Rl 
Ln corciiet unital at the end of the travel, 
all the resigtance & out aod maximum 
citrent is being fed to the motor for 
‘fall speed". 

To stop, the serve is inched back in 
the “rewerse’ direction until the wiper 
rum off the end of Kl and the 
motor slop. At this instance the 
control signal & neeased te stop the 
Sra in that postion, For ‘reverse" the 
ered i inched in the opposite 
direction, with the same progressive 
epecd up of the motor as the wiper 
advunees along Re. If necessary a 
further fixed neustance R3 can be 
Goanected im series with this circuit to 
reduce maximum current through the 
motor TUNning in reverse. 

The main practical difficulty in- 
volved 13 IN AITIVINg at a suitable form 
for Rl and R2 which can provide the 
Hecessary Varinih of reaistince in 
circuit with shder or wiper movemen 
and still be capable of passing the 
ReOSSary cutrent. A stepped sysiem 
@ shown in Fig, 38 would be one 
answer Where neditictial fred resistors 
With the necessary rammg could be 
Te, 

Engine speed contro] js eacariol! on 


a es 
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any high speed R/C boat (whether ife 
engine powered or electric) and in 
such cae: & be operated by two 


channels for direct selection. For 
skewer punning bows, however, speed 
of selection of any functional conorol 
is not a critecal factor, although it is 
always desirable on rudder. This 
means that a 3-channel system can be 
pest? adequate, the third channel 
or speed control operating through 
BEQUCTC? Switching. 

ta the case of a deesel or glow motor 
power unt the would mean using a 
single-channel actuator controlled by 
the third channel which would pve 
either “fast-slow-fast, etc.” in sequence ; 
or “fast-half-slow-half-fast, etc.", aceor 
ding to Whether the actumtor was a 
2-position of 4-poxitian type—see 
Fig. 59. Thee smaller diesel engines, in 
particular, do mot always have a 
‘progressive’ throne respomse but 
basically only two speeds, fast of 
slow, in Which cast @ 2-poution 


Fig. 59 





actuator ix all that is required. If the 
engine throttle does have & Pft- 
gretsive response a4 regards actual 
eninge apecd, however, a 4-posion 
actuator will provede an intermediate 
speed position, at the expense of 
mcreasing the number of individual 
positions in the sequence, 

Sequence switching m also # suitabte 
basis for operating any uncilary 
contrals required, when any mumber 
of such controls can be operated via a 
single channel simply by ‘steppane’ 
through the required sequence. “The 
basis of a sequence switcher is shown 
in Fig. 0). Recespt of a signal couse 
the switcher to step round to ts ext 
position amd stop, The next control 
Cases. if to move on to the mex 
position afd stop, amd se ont. 

Bach ‘ston’ position f& wed to 
compbete an external arcuit commected 
to that particular contact. Since these 
external circuits are only used ane at a 
time they can all share a common 
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battery, so that all the switcher really 
does i switch in the appropriate 
actuator at ¢ach position, To selact 
any particular service, the operator 
has only to remember the sequence 
and werk from the Jost control 
position. For example, with four 
sequence steps A, H, C and D, the 
qi wa A, B,C, D, A, B.C, BD, 
etc, To step from A to Bh, or Beto Coo 
{to D will require ome signal. To 
a Ant, DoD, Ct Ao 

to Bowl require two signals ‘signal 
briefly bipped and then Sree, 
and so on, Five repeated signals will 
repeat the original signal, 

A basic variation on this system is 
to ailapt the switcher to be seif- 
cancelling (ic. retum to @ common 
acutnd or ‘off’ posite on release of 
signal) and meed the signal to be held 
on to bold the switcher omm any 
particular contact, This can be applied 
to a dial type of control, The number 
of the particular control is selected on 
the dial which is rotated to a stop 
position and held there. The process 
of dialling the sequence number 
ane Poe out the necessary 
Humber of sigttal pulses to akie at 
intermediate positions, finally holding 
the last onc. Return of the dial when 
the selected signal is mo longer required 
then either steps the switcher back to 
newiral by further signal pulses, of 
pecreiy alhews it to release and return 
to mewiral under 9 self-renurn action. 
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Certain single-channel actuators in- 
corporait a form of sequence switching 
and may be used i similar fashion, 
Those that operate on a ‘quick-blip’ 
sagmal for a third service may not, 
however, always be casy to select by 
manipulagon of a conventional multi- 
channe] transmitter key, Also it is 
quite posuble that with sequence 
signalling amd awitching a signal may 
be “lost’ af the siggy 0 thatthe actual 
sequence is inet. The greater the 
fumber of sequence stepa involved on 
a single channel control, the greater 
the likelihood of this happening. If all 
the services are essentially ancillary, 
however, this presents no hazard at 
all to the safety of the craft. To get 
back to. the correct sequence it is only 
nootsiry fo fry the next control 
kigmal, observe the tesponse, and sort 
out the sequence from there. 

Equally, whilst a single channel may 
control any number of sequence steps 
through a single sequence switcher, if 
additonal channels are available it will 
be bemer to limit the scope of in- 
dividoal sequence switchers, Thus 
instead of controlling, say, <cight 
separate services in sequence fram one 
channel it would be better to separate 
these into two groups of four, each 
group having i own switcher and 
controlled by = separate channel, 
ee the extra channel is available. 

‘his also permits logical grouping of 
services and, if the radio side provides 
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for simultaneous operation, individual 
services in different groups can be 
operated simultancously, 

Note, however, that ancillary eon- 
trals should never be allowed to 
encroach on the main or functional 
contrel demands. Thos madder and 
engine speed controls must have first 
call on the number of available 
channels, Ancillary services should 
then be allocated between the rermate- 
mez channels, The primary advantages 
of “‘myult operstion are destroyed 
when any of the secessary functional 
controls arc operated via @ sequence 
system since this reduces them to the 
equivalent of single-channel working. 

Installanon of radio gear in a model 
power boat docs oot usually present 
any particular problem since there is 
cestialid ty Saar availabic, It 
ecotial, however, to locate the 
recssiver as far a peéaible from the 
tain paver unit—to miminuse the 
risk of interference of an electric 
motor, ated keep chear of oal if an ic 
engine. Ideally, too, the focciver 
shamdid be located in the dryest part of 
the hull. 

Servos sbould be located as close as 
possible to the controls they operate 
to keep linkages down to 4 minimum 
and all wiring collected neatly together 
in the form of a cable which is then ned 
or otherwise fastened as high up made 
the boll os possible in power 
leads between the battery end an 
électric drive moter should be located 
as far away from radio circuit wiring 
as possible and the motor suppressed 
against interference by means of ao 
suitable capacitor connected across the 
brush tertmzals. 

Vibration is not usually a problem, 
even with diesel powered boats, bur 
laying the receiver oie a box lined 
with resilient material is ull to be 
recommended. Servos, however, cm 
be mounted directly to a suimble ply 
bulkhead of panel without special 
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provision for shock absorption, The 
receiver unit con be further protected 
ageinat dampnces by encloaing in a 
palythene bag, sealed by binding with 
a rubber bard around the emerging 
wires, This docs, however, restrict 
acosss to the puning control and it 
Lmportant for maximum. performance 
that the receiver should be finally 
ruined mun ne receer imualed az 
ceil! jimaliy be operated (e.g. inside o 
polythene bag, if used for protection) 
am ink tie boat on the pater, 

Dampness i always a problem with 
omdel boat installanons and particu- 
larly a salt atmosphere which can 
amack and commie clectrical contacts 
and cause rapic deterioration of 
electne motors. Plug-in wiring is to be 
preferred where servos and the re- 
ceiver tan be removed from tee craft 
when oot in use, 50 that these vrtal 
COMPMCETES cain be stored under the 
bese possible condinans ina dry place, 
Model boats, partecularly larger cralt, 
tend to be left in places that may not 
be all that dry, sach os @ garage. 

Lf a permanent racio como! instal- 
lation i Wied, Of Tecssary im a 
particular craft, cure should be taken 
to dry off the boast as completciy as 
possible after use and keep in a dry 
ammospherc. With ic engimed crait 
an @fhicient silencer system should 
giwars be weed, coupled to am exten- 
sho, pipe which carries nly 
exhaust waste overboard. Any fuel 
or ofl spilt inside should be mopped 
up after running and the whole of the 
inside of the boat kept os clean os 
posible. OFF jis also hormfol on 
electrical contacts and is likely to mon 
switches if it pers inno them. 

A particalarly attractive but 
rélatively undeveloped field of Ry 
application is to sailing yachts, and. 
where multi-channel signalling is essen 
tial for proper contre. Services required 
are (i) rudder, and (i) altering saul 
settings, a: moccsary, The rudder 
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OpeTating reaquircineacs are virtually 
the same at for power boats and can 
be provided by a conventional multi 
servo mechanically linked to the 
rudder tiller arm in the usual way. 


There is, however, the question of 


whether normal “bang- “bang’ acnion 
with seli-centring, of ‘progressive’ 
Acthho 2 Best, 

From @ formal sieering point of 
wiew the fonmer is obviously best, 
However, the course followed by a 
sailing yacht is largely determined 
by the setting of its sails and any 


rudder offset needed to maintain on 
sch § Course i mere in the mature of a 
‘tim «control, To apply constant 
‘trim with a bang-bang control move- 
ment would require frequent blipping. 
With @ progressive servo action the 
tom can be inched on or off, as 
noxssery and left in the optimum 
PePsIEbON, 

There oe pont in favour of 
both systems, whilst the balance and 
stability of the yacht will also have its 
effects. Since it is readily possible to 
provide either ‘bang-bang’ or pro- 
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pressive action with a conventional 
‘Mult’ servo, it can be tried out with 
bath modes of operation and the one 
woich proves most effective as a 
control adopted, Alrernatively, it omald 
be arranged so that ether method 
of operation could be selected by a 
switch which merely ‘makes’ of “breaks 
the two servo leads normally dis- 
commacted to change a “bang-bang” 
action bo ‘progressive’ (see Chapter 4). 

As regards sheet handling {for 
conirmling the setting of the mainsall 
and jib), the problems involved are 
almost purely mechanical. Sheet adjust- 
ment is best accomplhihed with a 
single serve adapted for ‘progressive’ 
operon ond the neccesary difference 
iM movement required between the jib 
sheet and mainsail sheet accomplished 
cither by a ‘multiplying’ pulley 
system on the main sheet, or differencial 
levers, or a combination of bath, 

To prevent siagging on the maim 
aheet if is necessary to bias the boom 
sO that itis tending always to keep the 
sheet in tension, This can be uccom- 
Pushed by @ single rubber band 
fensioning system, 2 shown in Fig. 61, 
oping bias may or may not be 
necessary on the ib boom, depending 
on the lenerh of run of the jib sheet 
and the methods of hauling in, Rijcid 
push-pull of lever systems where the 
actual length of the sheets can be kept 
to g TOMIOVEM are geserally less liable 
to snagging than systems invalring 
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winding and unwinding the sheet 
around rotating drums (sheet winches’, 

The bask tequirements for com- 
prehensive yacht controls are thus 
4-channmel azgnalling with two con- 
Ventomal “muln’ servos, the one servo 
operated “bhang-hane” or ‘progresaive” 
on the radder, and the other wired for 
‘progressive’ action for ebeet hauling. 
There is oo great advantage in arrang- 
ofthe to Heol the jib sheet separately (via 
a further two channels and another 
separate ‘progressive’ servo), although 
this does permit finer trimming. I: also 
obviates the ‘mechanical’ problem of 
producing the optimum differential 
movement berween the jb and msin- 
sail linked to o common servo. Actual 
installation details are largely specific 
to the sive and type of yacht. Space is 
not wwally a problem sings there is 
normally adequate foam oo the hull to 
accomimadate a modern lightweight 
receiver, servos and the necessary 
batteries on a yacht as small ag 24 in, 
Loa, 

In general, bowever, the servo may 
need sMmt modification im order to 
obtam the necesary movement for 
sheet hauling, aircraft-type servos 
normally having a push-pull movement 
of not more the § in. each way about 
the neutral position, Ir may thin 
be necessary tO commect the servo 
(mechanical) output to a lever system 
tb oMgin suitable multiplication of 
movermeni—ace Pig. 42. 
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CHAPTER 10 


(Cerin commercal ‘multi" trans- 
mitters and receivers are supplied 
pre-tuimed and aligned and require no 
achustMcnt on the part of the user, nor 
may ony means of adjastinent he 
provided (other than opening the case 
and ‘or breaking manwhacturer’s seals 
Which invaldate the guarantec’. This 
applies particularly to tone filter 
eqinpeent, although other desvens al 
this type may provide o tuning control 
for optimum alignment of the recerver 
with regard to the transmitter used. 
With reed type receivers, maiching 
Trammiter mvanably provide for 
audio bone adjustment, af least so that 
the individual transmitter ‘tones’ con 
be matched as accurately as possible 
tO the reeds in the receiver. Again this 
may be pre-adjusted at the factory but 
would normally be checked by the 
USE? 0 a Geetber of Course, 


Basically, as far as a typical tone 
Transmitter is concerned the frequency 
of Drinsmssion of @ modern circuit is 
fixed by the valde of the orystal 
employed. The only adjustment then 
normally available is a means of 
peaking the oscillator and RF output, 
together with a musber of potentin- 
meter, ane for each tone or channel, 
which are adjusted separately to 
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cetablish the required frequency of 
each AP tone. RF sdjustmenr is 
merely ooncermed with producing 
Matimum RE output and agun 
would mormally be factory pre-set. 
Certain transmitter designs may in- 
cOrpiratt @& meter measuring RF 
autput or an indicator lamp /the 
brightness of which is a measure of 
the ounput signal strength) together 
with ane of mare irimmers—eg. 
tuning slugs. These trotmmers can be 
adjusted by o non-metallic screw- 
dnver (necessary to avoid detuning) 
until maamam output is achieved, ax 
shown by the meter or lamp, The job 
is purely a mechanical one of simple 
adjustinent and imstructions supplied 
with any piven transmitter are specific 
af this subject. Lf RF output tuning is 
not detailed, then it cin be wisumed 
that the transmitter is already adjusted 
for Maximum Output mil it is mot 
inietidhed that it should be further 
tampercd with in this respect 


In all cies where RF tuning is 
sttempted this should be done with a 
sienal keyed dn, or im the case of multi 
transmitters with sumulaneous opera- 
tion of one akenal from each of the 
‘banks’ keped together. Lacking an 
indicator lamp o¢ built-in meter, a 
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6 volt bulb commected temporanly 
berwroon the centre tap om the werial 
coi) and the capacitor end of that coil 
will serve as an indicator, It is also 
useful to commect a milliammecter 
tempirarily in one battery lead as an 
indication of curment drain. RF ouput 
is adjusted by the coil core and 
observed by the brilliance of the 
indicater lamp. “This point will norm- 
ally be preceded by a fairly large rise 
in battery drain, as indicated on the 
milliaemmeter, Further adjusiment may 
then produce little or no extra 
brilliance (or RE ougput) but materially 
increase the current drum by “over- 
tuning’. This is not necessarily 
harmfal, but does mean that the 
battery drat higher than it need be, 


The transmitter = now finally 
tuned as fur a maximum range is 
comocrned, and requires no further 
adjustment in this respect. It is now 
ncossry : 

fi) To tone the recefrer to the 

Craismuitter. 
Oi) ‘Te time the franuiner fone 
to match the receiver reecl bark. 
The later is o requirement of recd 
reccivers only, 

Since tone fregwency i not affected 
by distance, but signal etreieth is, il 
is virtually tmecessary to carry out (1) 
properly before Gnalising (1). However, 
te observe the pecessary effect for (i) 


Ay OUTPYT Free 
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Fig. 63 
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the receier must at least be roughly 
tuned to the transmutter to pick up 
the necessary signal, This a 
represents mo partpcular problem wrth 
L SUper-regen recciver om account of 
its broad tuning characteristics, 





With the receiver and transmitter 
cae by—say 2 of 3 TL apart— 
Temane ott fetract the transmitter 
eeral to avoid swamping the receiver 
with signal ancd switch on both 
transmitter and receiver, Make sure 
the receiver aerial wire is extended. 
Key any oe tone on the transmitter 
When one of the reeds may of cay oot 
start to vibrate of ‘drive’. Adjust the 
tuning slug on the receiver until a 
reed docs drive, if necessary, Then 
adjust the tuning further in one 
direction until the reed stops driving 
and repeat by turning the tuning slug 
in the opposite direction until the 
reed, stops driving again—ti.ec. deter- 
mine the “sweep” or muomber af turns 
of the tuning slug over which the reed 
comtinues t he dnven. ()ptinrum 
tuning is then obtained by finally 
adjusting the slug to mid-posifion of 
this “sweep. 

This method is quite sccuriic 
enough for inital tuning. It docs, 
however, depend on the transmitter 
tone keyed corresponding to the 
resomant frequency of ane of the 
roods. Thus if no resp 
despite tuning adjustment, tried on 
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Fig. 64 


all the tone keys, cither ome of the 
[Enmamitter FORE Poletihometers must 
be adjusted (together with tuning) to 
try to pick op a reed to complete 
Tone, or phones used to listen in to 
the tone signal for tuning purposes, 
For this latter purpose phones can be 
connected across the ourpur and HT 
plus, os shown in Fig. 63, 


Having tuned the receiver to the 
tratimitter at close range, the in- 
dividual tones can be tuned accurately 
to the reeds, ome at a time. Whilse the 
<r ot Seon annaee tone Circuit 
Ong cover the complete frequency 
range of the whole ree banik it is uarna 
to restrict the adjustable frequency 
range on cach potenometer circuit to 
make for sharper tuning. Thus there is 
normally «a definste allocation a 
regards which reeds cam be tuned in 
vil @ specific trammitter tone key. 
Such allocations may vary with differ- 
ent transmutter-recaver combinations, 
although Fig. 64 is typical of standard 
or accepted practice, and alse as 
regards location of individual control 
levers ml the transmitter—see Fig. 12, 
The ‘sweep’ of pot. 1 i then Limited 
to centre atound the resonant fre- 
quency of reed 1, and at the extreme 
may 0O¢ even overlap the frequency 
of reeds 2 of 3, depending on how 
tight the values of the individual 
components selected for the individual 
tuned circuim. Lacking specific in- 
formation on ‘allocation’ the intended 





allocation of a particular potentiometer 
can be found by tral and error a4 that 
reed which is driven at oc near the 
mid point af the pot. adjusiment, 


_ Tone tuning via the potentiometers 
i quite straightlorward, An individual 
fone 6 signaled and the corresponding 
POLSIUOMCter adjusted to & position 
Eving the strongest dive to that reed. 
Then check that this is repeated when 
the tone is ‘blipped’, Adjusnment 
which gives the strongest dove when 
the tone is held on continuously i4 not 
necessarily the best setting to ensure 
that pote drive ts picked up imnech- 
ately when first signalled. 


Special mote: When adjusting the 
Transtutter tone pots. to the receiver 
reeds, the servo battery should be 
disconnected (or the servo wiring to 
the reed bank disconnected). ‘This is 
[Oo ensure agains: the possibliry of 
SIMU taneous operation of two adjacent 
reeds which could damage the related 
serve amplifier if conmected to the 
reeds in @ ‘live’ circuit. This applies to 
both relay and relayless installations, 
aithough in the latter qese some types 
of servo amplificra have a built-in 
safeguard against accidental simul- 
Tancous wperation, Basically, in any 
case, reed tuning wmer be done by 
observing the reed performance (vibra- 
bon and drive) and mot the switching 
reponse a8 obeerved by serve move- 
Preett, 
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Each tone is adjasted, in tur, until 
strong drive ms obtained on all reeds 
from—aind only from—their reepec- 
ave keyed signal. In the case of 
simultaneous transmirners afer adjust- 
Ing One Tone, gO to a tone in the other 
bank next and key both tones when 
adjusting the second. Repeat for the 
other tones, keying one from each 
bank simidltenecdsly cach tine. 


With restricted frequency adjust- 
ment normal on the fore concurs in is 
ponent values for these circuits match 
the frequency range of the reed bank 
used im the receiver, If not, the 
transmitter tone tuned circuit com- 
SOc Yaloes hare to be changed 
before the combination will work. 
No multi-channel! transmitter, there- 
fore, will work a mulo-channel meceiver 
unless the tome valaes pemerated match 
those of the recerver reed bank, 

Final tuning is then accomplished 
by @ range check, Having got the 
imhvideal tose circuits adjusted for 
fimom drive, the only thing which 
will affect the dnve fapart from 
cnrcuit instability) is a falling off in 
signal strength, Wf, therefore, trans- 
miter and receiver are moved apart 
eune oMnsidershle distunce, further 
nidhjusetment of recener tuning can be 
made to establish the muid-posstion 
between the extreme (clockwise and 
anti-clockwise turning of the tuning 
slug) where reed drive te loa. 

Tt is usual to carry out this range 
check when the receiver hos been 
finally installed in the model, with 
servos and wine connected, a 

ris Ion can mchifty tuning slightly, 
A range check cared our with the 
transmitter aerial fully extended, The 
greater the range, the amaller the 
runing sdjustment on the recerver 
between the two limits where tuning 
is lowe, thus the more wocurate the 
fmud-peation found is likely to be, 
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In practice a range check at a maxi- 
mum ditioce of about 20) to Wi 
yards is usually adequate, but some 
people prefer a longer distance check 
for safety, 

Having established optimum tuning 
if this way—and mothing more eladar- 
ate than this technique is requi 
furure “range checks’ can be made 
with the transmitter serial retracted. 
First find the maximum operating 
range with the transmitter sera 
ranoved, which may only be a mater 
of 10 yards or so, possibly less. If oow 
a check is made cach fre before flying 
ar a shihely less distance with trans- 
mitter aerial retracted and the receiver 
responds, it shows thar normal range 
6 being maintained (ic. the recemer is 
still maintaining optimum tune). Any 
noticeable redaction in ‘no aerial’ 
range would, however, indicum that 
the receiver has gone off tune, and call 
[Or retuning af range with extended 
werzal. 

In the cast of superhet receivers, 
tuning cannot be accomplished satis- 
factory by simple techniques, Ihe 
only way of ensditing ssfectory 
alignment if by using proper test 
equipment, and qacmercial Superhct 
neceimere ane normally factory pre- 
mined and specified for return, or for 
sending tO af approved servicing 
agent, should the need for retcmeng 
arise, The check on tuning, as far as 
the operator is concerned, is the 
standard long range and regular “short 
range’ check already described. 

Superbet receiver operating fre- 
quency is determined by the frequency 
of the crywal in the Jocal oscillator 
circuit and there is thas no “‘sagmal 
tuning’ at such bar rather a matter of 
correct alignment of the various stages. 
This involves working with a very 
weak tranamitter stgmal to avoid 
saturation and adjusting the mixer, [PF 
stages ond serial coal in worn, cach 
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aqjustment having an smiter-related 
eHect. An cacilloxcope Is advisable to 
ensure that at no time during alien- 
ment does the signal reach full 
saturation #S this cam modify the 
tuning. Thos a weak signal will 
appear simuebodal in form whilst 
Salurutson indicated by a flamening 
of the peaks. IF tuning con be done 
with the receiver lid off, but peaking 
the RP tunis mist be done with the 
lid oa. 


Tone adjustment with a supertet 
receiver Bs exactly the same as for the 
siper-negen receiver previously dei- 
cnibed, except that the receiver shoukd 
nat be placed too close to the trans- 
mitter to avoid overloading and 
posable distortion of tomes. A mim- 
mum distance of 10 ft, between the 
Tamsmitter and roouver is osually 
required for distertion-free operation. 


Once property adjusted, the modern 
‘wold’ trimsmitter-receiver combina- 
Hon is mormally extremely reliable in 
operation and the principal causes of 
rouble are usdally logical ones, such 
as run-down batteries, This applies ta 
ai’ the barterses in the complete 
system, which should have their 
voltage checked under Joad regularly 
and replaced (or recharged) as soon as 
necessary, The first thing to sMEpECt 
In @ cee of non-working is the 
batteries, Alter that, look for the 
obviews such as broken connections 
of physical damage caused by a crash 
or shack, Actual cercuit faults should 
be comparatively rine, and are usually 
difficult to trace on multi equipment 
without elaborate test gear and a 
thorough familiaricy with radio conceal 
circuitry. Virtually all the files with 
muln-channel radio equipment are 
deat with on a ‘return to manu- 
facturer (or service agent) basis, 
having first eliminated the possiblity 
of the more obvpus—and common— 
causes of trouble mentioned, 


ies Recnrne _aeicee a is 
required——apart [rom regular battery 
checks—is largely confined to itapec- 
hom of the reed bank for peneral 


condition, and inspection of the 
servos, Feeds should be inspected 
for axadation of corrosion, con- 


nections for soundness and comuct 
Cleanliness, Adjustesent as inttally set 
up (mocmally by the manufacturers or 
receiver manwiacturers) should be 
permanent and require no fiirther 
attention, wiless the unit hes suffered 
mechanical d pe. In other words a 
read bank showld be left well alone, 
Hnkess it & obvious thor it does 
require adjustment. In this case a fair 
standard to acopr is: 

fi) Reed comb clearance above the 
pote piece of the onl shoukd be 
approximately .@ in, with 
reeds wianc, If not, or in- 
dividual reeds are out of line, 
adjue: carefully by bending the 
whole at the baie of the 
comb, or individual reeds. 

[o) Reed vibration showld be about 
iy i. for reeds ar the highest 
frequency end of the comb, 
IncreUsing to shoul gy ih. at the 
hewcst frequency reed, The 
arc a vibration can be set by 
adjusting the imdividusl con- 
tact screws, 

(in) Some slight interaction be- 
tween adjacent reeds is tolerable 
= ah ova  gni ac 
all i ltd if woes Tat 
hee he ree om the tin- 
wanted channel. Lf interaction 
is foo marked, this can he 
reduced by increasing the clear- 
ance (1) 

(tv) If reed drive is poor, the 
clearance (i) may be too prear. 
‘This is most likely to show up 
with simubltaricciss Opera chon 
When the signal power am 
Civeded between. two reeds. 








Fig. 65 


As regards batteries for the receiver 


and serve cirouit, DEACs (mickel- 


cadmium sealed occumilators) are 
now virtually the standard choice for 
all low voluge supples—which means 
all the betmery complement with 
all-transistor receivers, A. single DEAC 
cell gives 1:2 volts and bamery ‘packs’ 
can be made up by welding (or 
clamping together) a sence of in- 
dividual cells to give battery voltages 
of 2-4 3-6, 48, 6-0 and 7-2 vole (these 
covering virtually all Rc re- 
eee The aaciey al the DEAC 
cell is directly proportional to physical 
size. Standard simes, together with 
typical applications and charging 
current data are given in Table I. 

An alternauve to DEAC bameries 
ia the complete power pack which is, 
virtually, & compact transistorised 
circuit powered by a single DEAC 
battery of adequate capacity and with 
output tappings to provide the full 
and separate voltage complements 
required for the rade imstallation—see 
Fig. 65. The power pack can te 
parmanentiy mented in the model 
ond recharged in sim between wee. 
The power pack represents an advant- 
ope cine seperate DEAL battertes 
where a higher voltage is required (e.g. 
for the AT supply on o valve; 
transistor retcemver!, bur mot as a 
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general rule where only low voltage 
supplies are required, 


The transmitter may be powered 
by dry bamerics, DEACs or sealed 
lead-acid sccumulators, of again a 
power pack desiened to supply the 
specific voltages required, Suse and 
weight of the transmitter is not 
usually crimcal, and so large cry 
batteries ore ‘probably the most 
economic solunen for a valve trans- 
mitter requiring a high tension voltage 
ender of 135 -yolts, All-transstor 
transmitters which normally operate 
on 6 to 18 volts, according to type, can 
mest conveniently be powered by 
rechargeable berterscs of cither the 
DEAC of sealed lead-acd type, 
aithough again provision may be made 
to use dry batteries to reduce inital 
SEPErISe. 


A brief description of aircraft trim 
must alee be given as an essential 
feature of mulo-channel R/C opera- 
tion, Certain fight characteristics will 
be fed by the aerodynamic design of 
the model, and its oe Chiners 
will be variable by altering poinr of 
balance, ri incidences, down- 
thrimt aril — and the control 
response will alo be affected, by the 
amount af movement of the varus 
contral surtacess. 
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Fig. 66 


Provided the tam of the model is 
nat excessively out, rudder, chevasor, 
dheron aod engine speed controk will 
enable it to be flown successfully. The 
first step should, therefore, be mo put 
in a number af fights to get the ‘feel’ 
of the controls and at the same time 
observe any characteristics that need 
Trimming out. Having got familiar 
with the handling af the model, final 
Trimming can be made step by step, 
Mote that this refers to permanent 
fim changes in the model line-up 
riself, just like trimming a free flights 
model, and net te any adjustment or 
use of trim commols operated by the 
radio channels. 


The frst requirement is thar a 
‘maulei” gireralt should fly dere! and 
rahe with elevators peutral, and 
elevator trom neutral, Lere! flight can 
be trimmed out by altering the 
centre of ity [e. shifting the 
sn a Sent be forwards) 

and/or altering the wing or tailplane 
batielente With packing to correct a 
diving of climbing tendency. Snrcyphe 

ean be trimmed out by adjusting 
the sidetihirust setting of the engine, 
Note that beth these conditions could 
abo be achieved by wee of elevator 


Fig. 67 
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rim and aderon trim carntreds, bot if 
they are set up riglyt instially by mince! 
trim, the controls become that much 
more chiectrye. 

The remainder of the trimming out 
process i then largely concerned with 
adjustment of control surface muve- 
ment, Check first the full Tange of 
elevator trim movement. Pull ‘wp’ 
tim should correspond to a slight or 
moderate climb, no more, Pull down" 
tm should correspond te level in- 
verted flight; or if more advanced 
manoeuvres are to be attempted, such 
as inverted clebts, a slight climb in the 
inverted position, 

Aileron movement can then be 
adjusted, as necestary, to catablish the 
optimum cate of roll, Too fast a roll 
i.e. too much morenent) may make 
it difficult to fy smooth ordinary turns. 
Too slow a roll may make the model 
lose too much height in rolling and 
need continual elevater correction, 
Daflerential movement can also be 
checked, according to the amount of 
yaw present. The fact that aileron 
Movement may correspond to a 
specified (plan) figure docs not neces- 
sarily mean that if 1s the optimum for a 
partecular mextel as the rolling charac- 


ELE Ke? Cey eee ay 
no" C0 ft OO wey 
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ceristics Will be affected by model 
weight, as built, Models built from 
the same plan may, therefore, differ 
appreciably ms requurds optimum aiieron 
moverment for smoothest fying. 
Elevator movement mi rather ess 
critical although, ideally, it should be 
adjimmed to give smooth, medium 
sized Ioops when held full ‘ap’; and 
inverted loops of similar size when 
held full ‘down’. The amount of 
elevator movement required to achieve 
this may be quite small—e.g. typically 
about §=10 degrees ‘up’ on a 6 ft. span 
aerobatic model and shghily more 
‘dewn'", This amount of ‘up’ may be 
InswmGent bo promote a true epif and 
it may be necessary bo incorporate: an 
oreride movement arctan an uvre 
—t te acer Valor 
arene os that required for 
amooth loops with the iaeeaine bel 
on will only mean that loops will have 
sped” to) 6control §6the 
will not be as smocth in 
conequence. Ths a particular 
disadvantage for contest fiying where 
established standards are high and 
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emoothness of tying & very orien 

Looping may alee show up 
further ‘turning’ tendency, the coed 

jling to one side rather than 
lacing in a truc yverticul plane. ‘This 
is commonly duc to Warps of an 
aymmetric wing. It can alse be due 
to ocoxdental differential rigging of the 
ailerom and can usually be adjusted 
by separate adjustment of one aileron 
attitude. Another common cause of 
an induced turn is a slightly out of line 
fin or rudder posizion. Whilst 
this may be trimmed out with side- 
thrust at a particular flying speed it 
will show Up #4 a turning tendency at 
other flying speeds. Obviously, tere- 
fare, the truer the model is built tm 
start with, the caster it will be to trim 
cut—and the better ic will fly ms a 
consequence, The fact that a radio 
model is ‘comectabde’ in flight for 
building, rigging and trimming faults 
should mot obscure the fact that 
where uch faule exist they should be 
sorted out and eradicated. I: wall be 
vital to do this oo achieve a top 
contest performance, anyway. 
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Note: Size 225 DELAC ia mormally summble for all aircraft applicators (reseiver and 
eer barteries) made up im the battery tite required 


For heavier dury applications, particularly where hagh cerrent drain ia involved, aime 


7K) can be used. 


Sie [OOO bs parcicularly suited for bee y dury applsceons with high curresit diraan where 


the additional 


wraght cas he eoiequbed fe.g. transmlmers |, 








MULTI CHANNEL. 


APPENDIX 


Diagrams on following pages 


The palot hes 10 minutes in which 
ro complete the programme of man- 
oenires from the moment he receives 
the signal to start the engine, 


2.4.1, 


ia 
a 
Pa 


5.43, 


5.44, 


Take-off. The model must 
stand still on the ground with 
the engine fannie without 
being held by the pilot of the 
mechanic and oust take off into 
wind, 

R= 5 


. Deule Seal! Pures. The model 


starts in devel fight, nese wp to 
the vertical attitude, yaws 
through (80°, then dives and 
makes one half of an inverted 
loop into vertical flight, then 
vaws throajh 180° again, firsally 
recovering into upright level 
Hight at the wame becigelt and on 
the tame heading os the entry. 

K = 15 
Cominmed Jrenciman ard ja- 
wr Jinaeinan., The model 
starts in bevel straight flight, 
pulls op into a half loop 
et half a roll, flies 
straighe and level for approxi 
mately one second then makes 
half an outsede loop followed 
by half a roll, recovering in 
erraighe bevel firht, 
| K = 10 
Loops, The model starts the 
Loops manoeuvre flying 
stright and bevel, then pails up 
into a smooth, round boop, 
followed by a second and third 
loop im exactly the same path 
with o straight and level re- 
covery to finish. 

k = 10 


PAL 
AEROBATIC 
SCHEDULE 


bal 
abe 
fall 


541.6. 


516, 


sALT. 


548. Tal 


. daverted Loops, The 


NOTE.—Loops must appear 
round and super-imposed to the 
ground-observer even in the 
presence of the wind. 
madel 
commences the Inverted Loop 
ying straight and level, then 
noses dawn into Laverted. Loops 
and recovers flying straight and 
level on the same heading and 
altitude as the entry. 

K = 10 
Reily, Model stares from 
eraight and level flight then 
rolls at a uniform rate through 
three complete mtntions and 
finishes in straaghs level Aight 
all ota the original heading, the 
time of the three rolls to be 
approximately 4 seconds, 

K = 10 
aoe Ad, Mbodel commences 
from @traight and level flight 
then rls slowly af a wniform 
rane through one complete 
rotation the approicimate time 
of the roll to be 5 seconds. 

KR = id 
Rolling (Crcle, Model cam- 
mences in devel fight, makes 
halfa roll into inverted circular 
flight, sibecquently making a 
further half-roll at cach quad- 
rant of the circle so that the 
model floes alternately upright 
and inverted in consecutive 
quadrants. The model recovers 
im straight Jewel flaght on the 
game beading and at the same 
height as the emory. 

K= 15 

wide, The Taal Shde 


74h, 1a}. 


3.4.11. 


. Horizontal Bogart. 
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commences with airaight and 
level flight, pulls up toa vertical 
position, slides downward tail 
first for two plane-lengths, 
recovers in a mght-side-up 
position and finishes in strasgnt 
and. Jevel flight at the same 
altitude as the entry. 

R= 15 
The plane 
commences flying straight and 
level, pulls up mto | of mm 
inside loop, dos one full 
inverted loop — from 
ot down, then j of an 

loop finishing in straight 

and level faght. 

K=48 
Cuhun Eight, The plane com- 
mences {lying straigns and Jewel, 
pulls up inte en imide loop and 
contimaes wotil heading down- 
wand at 45°, does half roll 
followed by another inside loop 
to 45°, does half roll followed 
by straight and ievel recovery 
at same alorude of entry. 

KR = 6 
Vertical Gipkt, The plane com- 
menoes the Verucal Fight fying 
straight and level, pulls wp ine 
ane complete inside loop, 
follows with one inverted boop 
and recovers straight and bevel 
at the same altitude of entry. 

K = 10 


5.4.12. feverted Strait Fogkt. The 


4.13. 


, starts level and up- 
right, makes a half roll wo 
inverted, flies straight and bevel 
inverted fer a minimum of 
5 seconds and recovers with a 
half roll to the Epright Ppositiodh. 
K. 


Iemented Eighe. "The plane cuntti- 
mences the Inverted ee 
flying straight and level in- 
verted, tums left one complete 
circle, Turns might ont com- 
plete circle, flics straight ancl 


4—MChC 


3.4.14, 


3.4.15, 


3.48. 16, 


bevel in the same directson as 
the entry still inverted. 
Ko 15 

Top Aor, Model amare in 
straight level iets LP pe up 
into a vertical climb and makes 
a half roll, then levels out 
inverted on same heading a 
entry. After short inverted 
flight model dives vertically, 
performs a half roll and finally 
recovers in straight level flighr 
on sate heading and height as 


eniry 
K = 15 


Spm. The plane establishes a 
heading direction by flying 
stratglst and Ievel, pulls up into 

@ stall and commences the spin 
acekah one, two, three turns 
and recovers to level fight on 
the same heading as the mitial 
Argh: directhen. 

kK = & 
Rectangular Approach, The 
Rectangular Approach & come 
menced with the model flhyrng 
inte the wind above the land- 
ing circle, a left turn of 90", 
cross-wind leg, a second lef 
turn af 90°, a down-wind leg, a 
third left turn of 90", 8 cross- 
wind leg, a fourth of SO" ond 
straight flight toward the pout 
af touch-dewn. The manoeuvre 
is finished just prior to the 
paint of touch-down, The darec- 
don of the manoeuvre will be 
determined before cach round 
in accordance with safety regu- 
Lat cores 
- 10 


EK : 
5.4.18, Landing. The model flares 


amoothly to touch ground with 
no boumcag and rolls to o stop. 


K = 10 for landing in the 25m circle, 
K = 5 for landing in the m circle. 
B= 0 for landing oumide the Sm 


circle. 


Total maximum points 2,000, 





MULT! CHANNEL RADIO CONTRO 


MULTI CHANNEL RADIO CONTR! 











MULTI CHANNEL BADLO CONTROL MULTI CHANNEL RADIO CONTROL 








MULTI CHANNEL RADIO DON TROL bos 
= meg for THE ULTIMATE in 
| ES J] TROUBLE-FREE ‘MULTI'* 


‘GRUANDIG’ is more than just another ‘multi’ 
outit...it's a COMPLETE RADIO CONTROL 
SYSTEM. Modern all-transistor circuitry embodies PRE- 
channel Tx and Superhet Rx for : required at any time. All RECEIVER units Play coger on 
cei IOs. 1 and that includes servoa...ao thac EWEN IRIAG UP iG 


lik MULTE CHASNEIL RADIO CONTROL 


Remcon for multichannel equipment at 
capa realistic prices — Full house 10 
Hectronics | 


REMCON Pledge that your equipment can be made to giva the 
right performance—le was designed with the home con- 
btruchor and bepinner in mind. Easy to follow instruccions 
are provided 









ELIMINATED. And you can bulld up from 2 to 10 channel 
equlprvent. 


GRUNDIG HIGH-POWER TRANSMITTERS 
feature 
+ a ge stabilised precivian tuned 


*% Absolute reliability of operation 
¢e Ueywtick' type contre! levers 
(elon beet Setieee er le Ree 
do Choles of 14 SPOT FREQUENCIES 
AVAILABLE in L-CHAN, 4CHAN, & 


CHAN and [O-CHAWN dass convertices 2 to 
4 and 4 te Bh 


THE REMCON VERSATILE TX. | 


A truly multipurpoie transmitter, for 
single up to IZ channel bigumultaneous, 
Designed by a leading authority on tran- 
sistor circuitry, Simple printed circuit con- 
Siruction, ready wound calls, easily 
aligned, low consumption circult. 





THE RECEIVER PACE... 


This feasures a basic hagh-stabdlity miora-precision 
i tuned cecgiver feither SUPERREGEN or SUPER - 





THE VERSATILE SUPERHET AX, 


This receiver is the simplest auperhet 
availeble—for either single channal relay- 
less or relay; or multichannel reed opera- 
tian. Printed circuit is of maximum Copper 
design for easy soldering and coils are 





virtually pre-aligned., 


The stiniereid er Fra 


fon lent Per PUR Ty. 
Ae wire 







This combination of equipment has been used in bescs, alrorafe and 
cars, as well as government experimental applications. Beware of 
imitations of our circuits. Our Mail Order Service is eMelent and 
Fast fo all parts of che world for all your modelling meeds or better 
stl pay us a visit at 


4, BROADWAY BEXLEYHEATH, KENT 


DANSON PARR 2055 


| SEE OUR ADVERTREMENT IN FADO MODEL PRESS 





HET), Inte which TOME FILTER UNITS can be 
plugged Fach FOL TER LENIT adda 32 CHANNELS 

in you ad the sumber of channels pou require! 
SERVOS plug inno receiver pack as well and there 
it a gdugeie wiring harness for the Haccerles. 
Piathing could be timpler , end there is nothing 
co 6Fival GRUANDIG. tor refiabilicry of operation! 
ASK AT YOUR MODEL SHOP for detail 


of further developments in the “GRUAN DIG 
SYSTEM scheduled to become available bn 


Ae, 
AIRCRAFT KITS * 


Te fee ol eas pl ee ied oe he 
clip a ob side rong of 
POWER of GUEPER. Foo siererous ce olnt—are 
Se ee pt bata | cage dp ee pt 


DE LUE BOAT KITS * 
There a 2 HE me ft pa fo 
wk =e Fi matleder 
CALAIS. SCALE and one 
BS TARTS Bech bit aeced 
Pat 0h ens fel lees te 

Puntiraiy Se Praet aad iver 
eereieeios brie eg thee ope ine 
[fsa cite oe 









on i oe 


ilyes iron 


RIPMAX are SPECIALISTS Radio Cantrel | appliors, hand. 
ling only the WORLD'S BEST in RC 





MULTI SERVOS * 


Speci el ie Feith Grordig’ recess ei 
equip come far giher elie iff reqeieer 
Speceetp selected Whrieerermis meoc—ond eee 
bia thet game pied of eccerocy me 2 eotch! £ 
EELLAHATIC © far min tpepbeli fEAORLITE. 
MATIC for ‘progrughe” scien) ot TRA 








Edges 8 ih 
2 poanicn Sais, 
fp Adgulecer 01,04, 
Ser eee aes 
harenaecorant fi arte 
Ties ante nt th. LL rfl 
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Rivhtax | single item fully guarastesd to give aa Prices 


iT Ss 


ae Lede 





listed are current at time of going to press. 


*AT YOUR LOCAL MODEL SHOP 
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“ CLIMAX ” 


HVULTI-CHANMEL TRANMSHTORISED ACTUATORS 
oor Al coche Lee 
Wee eee freqquenc: aiket Sp poe whech pp of ectumecr bo wan eth Sariceet Ty pak. a! meal tiexpaiprees, aad 
afer he og terrig Plorrrton ao puke, Firs, the epee ued in complecety “Tollagde” Ge bork choneele 
Ceo Cot at ete ih oe dere he rene PeqQuire bh ceais Gapped batters. Chere ore only four eran 
be ee Coed ore be Peele, gee ie megetiee apd ae other dee de he eeppeece reeds Thee corernoe 
bale ol jhe reed wot cui be cil be Ee ahr mm a ecu er ia Poel li feiniem Rai brid mee 


Cut front tit tame ae ol che ree unit. areerin dd Daft An's Sreqoueel hoes the common ae of 


iheg ber Parich Corie died dos fhe Pete Pa Thin Gaol be eed Ge | bere gb 2Le pad coo feces 
a] dlaer 


The MITE: Wary lighe aad peel eeteatar work adequam power tor pie legen Gerepeiriion eerralt 
h regal teseletieng meer wbracos for redebiley aed the ine of o Pack toed or an individusd ebrecaan 
PIGUGE ih FECGe ed, Tres: cere aparea. foo, Poér requereremis F-bs. OAC ore euemitiol. Lue 
225 CHEAC tor eal arora aed BO CBA bor berge. Conwmpeioe oy geetrage led Mii Aled cure 
lA, ike eng Anencen eqelpra) reel tng Ge pee De. a cep oF ot iy. ler Aa 


Thee POL PQUERE: Haewer oad large? etieetor enh ope reserve of power, Verp relabde dus ty bike 
Vaio Mime, Teeroit brew func. appr oe. Peres peqnerereents de. eaubling cto Ge mee with Arter 
Ax. wri Gpleg Caerqerpiee ono eeerige fed USfenA Bed cucrerg B-Seid, Sedichenig bourd fac quis 
teal at lee coking mare mcrae im bee peigmed dor ce cuis with os Gethine garers cqupgies wo ihe 
chrecthe ‘Gapaked i reace-up or bit foeve 





TRARSISTOBISEO FERAYOMITE Pack 


AUSCLEMITE 

Miserice hour Verte i Each Peal Seramites fer Big geiee Beg tb Pie Ds eee rea kes, be peor 
egies, Eleewice ont Eleewsce Trim, Sderiplitiai gear bearckec avcer reculdiag aad amplifier Gperst 
wiring aad critallediee, Aedeces ebrectos op BD per WE per cet gee power thom np other sccusor 
cent giving @icres regisiilry. lacie eed (ie beg? hiederd 14 Vda, Gel, Trerititeried 08 Pn he 
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me. wrk four one Price , es : 
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Tide ei dene tamed Dee ete Ver Pile ope pga mocoroed aiegle channel 
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SEAYTORITE ALLEAON HOUT 


qneand tea Teentansiec Soren sens, Gs & L, DEVELOPMENTS LTD. 
me gerd for aferon. Ic coneidersblp paakanea tise a7 QUEENS ROAD 
WET BRIDGE 


Pe el ede geal «a= q? 7 Sn fi oo pall Beceuk 

Prem [Pa Pe. 

SAY OCRITE FYIRRATION POUAT 

Stumicier® plate oe to” corpeetieg cubber : : 
rearing Sheth res el eee Pe be, SURAET 










MULTI CHANNEL RADIO CONTROL L05 


All R.C.S. Equipment is GUARANTEED for Performance & Quality 


bs 


f 
yf RADIO 





SPECIALISTS 
/ ‘LIMITED 


BUY DIRECT 
FROM BRITAIN’S LARGEST AND BEST 
PAN UFACTURER 


F.C. Competition 19 (ee. Tx) 
Gkrrliew Seiperteed Ae To) oak epee, Sow ote 2 
her ty wight 2 ae, Trararsiteer sf trenaiter. '15 
ODAC. Tee mentudanors. Meet corcredied. 07 reener. bled 
aati cetme. Tr OF Re O04, COMPLETE OUTTIT ih. 
RAC ch PTAA, Be LEGS AO Bae oe, 


A.C-45,. Sperts 10 Outfit 
(SUPER POWER TK} 

Sheloe Sopee-regen Ae Pel volt opersiion 

ire mre CAL ony fae lp FO 

te = F, Weight 1 oa raabicier oa tor 

Compemkion bh. Te £33. Ax di COMPLETE 

GHTAT fh Dba ie ETA, (ATH Pt, ii 

REE UF) F 

ALCS. inter 6 Gutihit Sure POWER Tx) 

Slimionn Guper-rege Aa wore Boe eh ob Ce. Reed Bask. 

Pla deage Pe) sem cere. £4. 

A.C. Marine 6 Gutflt csUrern FowER 

Ho. adiye le 

RCE. Inter 6 Gutht 

Winh cacuree Cirax TrePack. Ho =riag to Sorrp oboe. 

Cnty seede Fe, QE lor tee edge copes. 

PARA WOR een shure 

SUPESHET VYERSIOM Li 


FCS. Mule forve (Wik Nee FLANGE AOU WTS) 
Thee qrealiert aed Ggheee: wvaileeie Badr in PAS A. amplifier, 
Chee. fed Pheihe geri e Bes, TE vo persion, $0 ce. pl. Soe 
= Le = of. aight 2a, Oh 
FLCS. Mk. 11) Guidance 2m 

(with micre amiceh) 
[The Bot Geet Seedable Anyehore.i WITH SUPER 
POWER Ta, All thiraninteed, Engle charnel. Zial 
mo Hal wa Geir Te, FP] ao erates, Fee depige Be eth geek 
itp dedi ioe cor coer Be fF. Tae oly OL Comhes £14, bo. 
ACCEMGAT OUTAT., Coenen of eew Ele Compact compoernd aces: 
ree, mele Poe reid, bora p Bee, deer, dle iSite pee gion. did 


MOTOR COMTMOL ACCESSORY CUITRIT. Plugs iste stene bar raliatle 
feeder oped ukar 
Pb 8 oil at EI 


KR.C.S. Bigifive Proportional 
Sipe Aix. Baik-is CEACe apd ‘Chorger, Fol wile, lensiierere Urn 
Cleerplete arth bee Chgiee Seren ld Dede Ce Beer Seren 0 


HP. FACILITIES AVAILABLE 
BUY BRITEH AND BEST 


NATIONAL WORKS, BATH ROAD, HOUNSLOW, MIDDX 


Tel.c HOU 6596 
















di MULTI CHANNEL BADIO CONTROL | 


CHOOSE WHAT THE CHAMPIONS USE ! 
for COMPLETE RELIABILITY use 


FEM 10 CHANNEL REED EQUIPMENT 


Matador Transmitter 
HIGH OUTPUT M.O.P_A, circuitry. Cemplate stability by 
uae Of tarroids, Ground range over | mile. Ge. oeeracion 


Midas Superhet Receiver 

2 LF, wtages plus BF. amplifier for super selectivity. All 
cilicon crandlitorg—stabelitp—O0 a6 1485 degrees. Ficted with 
lamous Medco or Dean reed hank, dv. operation 


F& M DIGITAL 5 Proportional 
Serb includ ed 
Transmitter with power pack 
Digital dupertet receiver with pore pack 
4 Proportional Serwod 
Deal Sutput charger 





SORACO R/C ACCESSORIES 


Contre hore Sevitehets 

Elawator horns Jacte pols 

rip gileren horns Aileron belloramics 
Amplifiers No notes nylon tubing 
Ampltfiar kits Mylom Kevlk lela 
Soraco serve kit Heat shrink tubsng 
Mpor hinges Heak up wire 

Midian Chea plugs 


American Imports 
Bonner apecialties—Ou-Bro Preducta—F & AM Electranics 


WE ARE OFFICIAL SERVICE AGENTS FOR F & M R/C EQUIPMENT 
NEW PRODUCTS IM 1/964 


SPI — co ki—aelan cleepeg. =fylon undercerriagpes—ard 
many Other surprises af) from 


SOUTHERN RADIO CONTROLS 
47 BRIGHTON ROAD, SOUTH CROYDON, SURREY 
MUMicipal 6688 


UARDER THE PERSONAL GFUPERTISIOH OF ETTEWARAT Urals 











MULTI CHANNEL RADIO CONTROL Li? 


ARIEL 
for VALUE! 


| [DEAL FOR ‘INTERMEDIATE’ 
_ FLIERS—AND FOR 
ALL BOAT MEN 


@ S1X CHANNEL ® Bi-SiMUL 
@® TRANSISTORISED TRANSMITTER 




































Push-pull ALF. mmnplifer stage giving greaner 
efficiency than conventional single ended types 
ipward medulatign omables full trameistar dissi- 
pation ta be used 

A completely mew ASP cncillator which is stable 
fom —l0°C to +#4°C elemingtes any note tening, Silscon trandiators are used 
hr dug Pou b. Amplefind Leher Yoltage rol seebilises Che power oa pa ly don oo 
die; of design votuge. Power supply: Two PR? 9 wolt berberies. 2h mA. ALF. Peak 


effective poarer; 4m 
® 6-CHANNEL SUPERHET 
RECEIVER 


Greater stabelity, Less critical tunkeg. Factery 
Taned receivers require fo adjeecment wha 
ewer. Spot freguencess changed by plugging in 
bpproer ide crretal. The new “lellower" conte 
reed wnit is comally enclosed in a nylon cover and 
in internally anti-nibretson mownted, Sine: 29° 

We I". Weight! 2 ea Pewer Sopplp; 72 te F walt. 

















LOW PAICE | @ Superreges version. A new circuit using che 


noe ae cs latest jlow note, vibration proof silkcon APA 
Reneiowr onlp i ea 0 EPartiicerea Complete temperature wability on- 
Traasmitber are sured. Aeed unit, site, weight aed power supply 

Suparrapen Pix B14 aa. oheiwe : 
BRecgiver onl M18 : 









Conpramecsien Socks of Parc fer thee Bll, Epecises. berrat Crystal. Comipeanrta Seiichen, BF 
ACP tb asoee lien ese 






Sais ames Ai Codie. Sie on fee yer renter fapesregen Am te Hepertes pecledirg rence? 
| Pei As cepetehs tree CA, 
A Pll bere for Deere Comer 


RIEL ELECTRONICS 


1100 COLNE ROAD, TWICKENHAM, MIDDX. 























CHEEK THESE PRICES! 


AM “DT MARMITE ca 
rip hecas 9) Pa siren 

ARE OTHARO' iad 
Snpheghes J popes corccils 
RHE “RUWLTIOToE £41 ha 


RMK ‘DY NAMIK? 


the finest motorised servos 
available at any price * 


Se or Trim far Aes A's 
SMR APMPLIDYNE 

SH’ cP 
Feubl ‘5! FA tee eelepieg An 'y 
SMACARPLIOYANE Te ihe 
Peli Tere: loom Matupleae Ra's 


POOL ATiRG mt a Ae 



























hee: de lb 











; ag bi if upl liie* 
i a SHOUTING FRAKES 
jmpocoa. | i tags) jst. 
Furge C4 ap) tia 


Miiisiaf fein ition wien ber Bb lhe oon iF 


PLA DA WOS 
SESe Ti b ae 
iy i Lory by 
14” vide! 









BEE “OTN ARIK” sereos cet new stand- 
ards fer tmeeth, peliable aoten with 
LOW CWUARENT CONSUMPTION. Geilii- 

ant new PREQRSOM MOTOR has been spectlly 
developed for servo. Paditiwe printed circuit 
switching. FT AMR ‘OYMARIK' SEAYOS 
TOD4T—AAD YOU WILL NEVER AGAIN 
BE SATISHED WITH THE PERFOR- 
MANCE OF ANY OTHER SERVO!!! 


"hi Eanes Rag pres hae LTRS Pee 

ial Dr ae ema” Wag easily 

ton tials HH = leer os’ 2. ol 
pee cle oe) oie 





tow 4 

wiglt per 

Pee ap Pils 

lig Mluntlih g 

Ere Cans 

mH orp dren lege 

eed) lithe Te 

Aree cive Grebe gg 
ror gio aveleele 


RC MODEL 
ACCESSORIES * 


cd 





BETTET SSL TG | 


a 
Fi & i 
LE fr : = 
TH rou 
fr re 


ii rren 
TT? Fa ib em 


iH vA 


cme) a 
Ley re ied 7 Tia 6 THEE OLE 6 





ee i eee a 
hi ee ee ee el le, nee le 





iii 25 toms, — 

d , Pedos conic 

RMA Mu LTI SE RY os* hore ape ll p 

= Cigciga-aagineered conga ete Ji. 

wel io occa all 

Pepe i Petre eri EF | Ect z 

AA ma 86h PERL 

AGE RA for bBoseo 

AAR SPT fee er ieli 

Smita Gad Lytileer af 
heir cp pe 

ielecapee él, ia 

Per imageai fa, Dall 


Amami i, £4 = : 5 iiaieds Pl ae 

—r : ope: TOP FLITE " cork matenen a "1 Lip t 
imine G** a, 2 or ® — 

" with oeree Lifer PROPELLERS |ias 


'Panch Bem win GAAUFRER FAOFS & 
im fealy is Trtetek gg tps bipior 7 at i flede iptule| 





Pavoa gileros Lae apie 
hele kh ay fellergsk goer 

caiqeem Bd ini b T 
j Eero Pai silos Kiplen © crab 
saditery 6D here, eee. ie : in, ke 


Alio many others at your model shop 





PAO PROF +a 
A fall rong in perboes 


AIPAAAS cover olf yoor Medio Centro! requirenenta, fram 
mghe conpanenta to complete outfits dnd matching model 
bit, There ore many others et pour model shop—cae them 
for yourself today f 


“AT YOUR LOCAL MODEL SHOP 











PROPORTIONAL 


for only £I25 complete | * 


# BUALSIHULTANEOUS FLLLY PAG 
PORT Oe AL Se ae — TRIF 
Sie gieegiees wd rastiber par 

a: PULL Hs OTA SPEED ‘COMTROL plo 
at 

we INTERFEREMCE-FREE SUPERHET AE- 

= 









CEIVER. fire wey IP ja Phe 
HIGH-POWER COMPACT THG.4TiCe 
ALL-TRAMSISTOR CAYTST AL ch 
TROLLED TASANSMITTER ; 

# HIGH TORGWE LINEAR SI TPUT 
SEAWOS 
jenn eed Peiiafe! freee! eee 

# ALL CIS LATE ge lhe or TURE 
STARILMED PAS ATA frre fer 


wie teed od Le ee er j 


Ho TWMIAG.HO FOILWjAUET PWITEH 
De AnD ar WAY eet cee 
the CITIZENSHIP WA for BEAL Car 
TROL wt REALISTIC PACES All equip. 
roe geeelehie ink eta oped Meee ies, 


Wink ee gee pean ee Cet heee Cag pied ie ge 
dam Aidder (CAA —piruelp me sehen . 
1 a ess pool bi DT 
cay! ihr sep eee CTE ES PROPOR. 
= Ere fue o carole feel 1S releble 
jfile) pamereieer, ft it beached Lee bie 
Rises pear oof meters. Evers legis 
tar rede fo bee bglees) greece sbectrone 
ETIgger ig ibs cla 





MULTI-CHANNEL ‘REED'* 
The flmest contest-proven reed = mguipiment 
available today af prices pou really can 
afford ! 






@ Compact, 7 volt ALL-TRAR- 
a SLTOR SUPERHET RECEIVER 
SUPER ECORCRYT ‘a1x' 
UTR dct Fr, sopertat Als | HIGH POWER TRAHSITTOR Tz 
Mamta iely 8 consists ‘ORGAN TOHE’ stehilizy 
DE LUXE COMTELT TEA [an 
moody, mated depres Ey @ EW VIBRATION PROOF 


Gite ei enplece 


1 pied tk) lt Bey) ESS mel pees) Genie lect on CITE 


CITIZEN 5 HIP 
AIP The wens Bead are Ce Lee predate from a arte-fomcun 


Leaders simte the b ret lFig in STG Aho GaSe! Ee practice! ‘keow &ow Gop back ie 
che American AC fi the Se Fo con REL T on COTEERHIP 


: SUPER PREFARBARICATION with 
RADIO CONTROL BOX-LOK CONSTRUCTION 
AIRCRAFT KITS * 


freee Ged of echer preQak 
Ean aril md che oe oo 
The sarid's top AOC fended degre specail guts recdets to Belt 
Goygloped in wanderfal fully prafebricaedl bib 
form for smep eases. 


ap PLAT... LL 

high << bor C15 
PP TALUS Dh 168 
Bord temp. riser 


ge apar 
fen) | 6§ be morid’y Lee a LAAT ....,.. ra he 
PFliald’ pamlal Bia ba 


Shoulder wing accel 
A aralp @Soreertal tit 


ior LE tegen, ES 
Bic COMPACTS... 


a 

ae i ipods 

leon chee oof ther coe er parla 
Pulp profebiesd slegtenn 
comirct ber fe? ipa bile, 


Lil hs 





i TAWA £1 
Tie idm! “ak” eradmes 
bor - bo Bechorneed: Alorew 
web cirke oiler wes 





1 Bear De dhikeé 
I Fecal fi -ide 
1? Schoo Bee CES. Bh 
He Gfehealgei ifs 
MT (Cae cheat 
FF frtiooimmer CLE 


McCloy rapes and pohabiioe ged i =i 
ram: J ce 0 feice Ay ermal. 
GLOW Proce from sels aT, id Thomo a 


1 Peter in ie au? del — wd 
MOTORS * arian) r 


fie died lp 











Price: shown are current at time of going to pres, bot check 
with your local madel shop for amy changes. He will elon he 
Pleased to show you, or demantiirate, any tern lintedd, 


“AT YOUR LOCAL MODEL SHOP 











Lio MULTI CHANNEL RADIO CONTROL 


R/C EQUIPMENT 
FLY ©.S. 'SUPERHET’ 


MULTI SYSTEMS on 6. 10 or 
12 CHANNELS! 





TRANSMITTERS 


@ Txt Tite... Tete, A Deal Geedoreces 

2 Mew Compact Dawiges, Tala ip erie Fo 8° & age 

oe a operation, mkh buit-in Charging Jiecey foe Edy or 

@ Pere Ouceot Mecar and seperene Betion tor Leaded Voltage Check. | 

@ Pertect Foon Scabdity eed Power Gutput trem Doe 140 depres, enn 
with #2 per cone Betmery Waliage Drop 

a Lryatal Corerabeel oan Rasch Ia 2-8-5, SE of ohngh rag fe floss 
ig st hoer , 

® Higter: Quality Ulicas Treneieeord ard Tare Tarroid 

@ Cenive bonded Adie aed Low 45 md, Bacmery esis on Signal 

& Plage cube 2% Ceworr Suir aeclaaae ffuiurry 


‘SUPERHET RECEIVERS 


* aby :o BS-!a Aa 2 Al Patching Crp CE erired iad, Esq 
aed gar ep lree. 





. ie oa & Woe Daag, mm Linbrogbebles testi Kardesed Corl ee 
x B 7 7. 


@ Whee Lighten wed ¥Yibration Prosi 
@ Aetaplem eect Precabled Geres Loeede 


* oo Dus -el-eght Rees ond Coercive abibep degen Don 4g) 
Ld a Coptic Bull Craiitteerihes . . _ Bo + 208i perme ihe World's a Cc Ha A AE 


O.$. ‘CUSTOM SPECIAL’ | werannes sur 
R/C ENGINES 


Price ta be announced 
lt CHAMAEL SUPERHET 
@ Maximum Peewer 
2 Faulelens iling 


Trantmitter and Reewiver 
pert tule: COE 1 o 
@ Completa Flexibiiny 
@ Lightweighe 








12 CHANNEL SUPERHET 
Tracamitter and Pleceiver 
laperbec neuicuiaed PT || 

REM EMBER—WITH O.5 

SUPERHET TOU CAN PLY 

FIVE PLANES AT ONCE 

~=-JO PARLE Ve ATTIMGG 

IM’ THE QUELLE" 

0.5. ESCAPEMENTS 





S20 (Claw) ci Tf 4 
3.4 (4 Clare) 2 ol 
K..| Lomein fi is 3 
K.] . ca F | 


OS. SERVOS 
[Singha Channel’ 
S10! Rodder Seren 


MAS 1S BMC DS1s. Zell 
MAS IF AC PSs, Sal 
Ma Pe Alc beta. Fd 


MAS 1D AC [Tiks. a. ! F aie fi i 4 
MAM 35 APC léde, Id, PET OF BIC és. ‘Sd. S-l00M Photor Serve 
BAX 50 Ac 27a. df. MAM 19 RC Marine : fd ii @ 
PAX SE RIC iis. dd, FEIs. de, | ee 
DATSSS40LE AT 
©.5. SET A NEW STANDARD FoR er etree 
PRECISION ENGINEERING “GENTS 




























MULTE CHANNEL RADIO CONTROL Lit 


MODEL RADIO G° (:22%) 


OPPOSITE “CRYSTAL,” MEWCASTLE-UNDER-LYME-ON-MA, STAFFS —— 


For UEDA RC Engines 
Tickover to Tiger Power ! 
07 to FO sizes 


DOTSULPHIDE-TREATED PISTONS AND 
DLYUBLE BALL LACE AOR LONG LIFE? 


Tp hear. Fam 
UT cITIZCMEE IP 
cE. MiA-= ARIEL From Le DEPOSIT 


LITLAENSHIP PROPOR TIOMALS 
Mlh-% PROPOR THORLALS 

Fa AM PROPOATIONALS 
MICRO-AVIONIC PROPORTION ALS 














Zj- afamps, please, for all opecifeacions 
on 2 che eos £4 EF for lee 













M.A.P. AIDS 


Co 
MULTI CHANNEL 
[RADIO CONTROL 


| Radio Control with 
Vibrating Reade 19 


The Ideal Engine 
For Your Radio 
Contre! Model 


RACER A/C and W/C R/C 
HUNTER A/C and W/C RIC 
SEA OTTER Wit Rc 

© Covered by fell puoresces 

& Ropid ofter olen perrice 

* Complete with flywheel & sllescer 
# Avodloble through a meodel srope 

ELECTROMIC DEVELOPMENTS 

64 Brighton Road, Surbiten, Surrey 










| Remcon Yersacile 
Trinasmitter and 


) Spe hee Atel ier —Plano ii, 














| Radic GCantral Manual 
iPS pogpes— |6)- 






MODEL AERONAUTICAL 
PRESS LIMITED 


12/35 Bridge Serese, 
HEMEL HEMPSTEAD, MEATS. 













RADIO CONTROL 
M 0 ELS & ELECTRONICS 


Roo CONTROL MODELS & ELEC- 

TROWWICS is Britain's AAC magazine 
for wll AC enchypiasts, be they aircraft, 
bow. wehecle, of electronac devotes, Ii 
pou lie building your Geen equapimant, 
then you will be well satisfied. W you 
prefer ta buy all your ASC requirements 
than you need FCM, & OE. fer news of 
Monthly dave lope es bs the commercial 
field, Wipere-che-minute neve of wortd. 
wide A/C pctivicies are a feature of 
LM. & E coverage and meanthly Tes 
Fieparts ge Ou complete aporasesl of 
te capabilities of current eqeipmenc. 

You cannet afierd to mim Radio Con. 
crol Models & Electresics, cm sale at 
YOUr Newwapent, oetond Friday in every 
mandh, price 2 ied 





MOOEL AERONALITICAL PRESS ah 
produces a wide range of books dealing 
with Radio Control subjects, ach 
Fublecgtion contiies the widest eedlec- 
an of information on a particular 
ubject, and che range is commtanely 
bhitreod 


Radio Control 


Manual 16/- 
Simple Radio 

Control 7/6 
Model Boat 

Radio Control 7/6 
Single Channel 

Radio Control 5/- 
All About Radio 
Control éd. 





